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THIS RESEARCH CONCERNING CONCEPTUAL BEHAVIOR 

investigated Both the developmental aspects of conceptual 

BEHAVIOR IN A CONTROLLED LABORATORY' SITUATION AND THE 
RELATIONSHIP OF CONCEPT LEARNING IN THIS LABORATORY SETTING 
TO ACHIEVEMENT IN CURRICULAR AREAS OF JUNIOR HIGH SCHOOL. THE 

general plan for this study involved stratified random 

SELECTION AND ASSIGNMENT OF 120 SUBJECTS INTO FACTORIAL, 
REPEATED MEASURES DESIGNS AND SUBSEQUENT USE OF THE DATA IN A 
factor analysis STUDY. SCORES ON AN INFORMATION PROCESSING 
TEST, TIME-TO-CRItERION SCORES FOR CONCEPT ATTAINMENT 
PROBLEMS, AND ACHIEVEMENT TEST SCORES REPREsENTATI V£ OF THE 
JUNIOR HIGH SCHOOL CURRICULUM WERE GATHERED FOR ANALYSIS. A 
RELATIONSHIP WAS FOUND BETWEEN MORE TRADITIONAL CONCEPT 

attainment factors and curricular factors, resulting in the 

CONCLUSION THAT THERE IS A HIGH RELATIONSHIP BETWEEN MODEL 
CONCEPT LEARNING AND THE CURRICULAR FACTORS GENERALLY. 

findings from the factor analysis led to the conclusion that 

SUCCESS IN concept ATTAINMENT TASKS IS RELATED TO SUCCESS IN 
CURRICULAR areas. (GO) 
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PROBLEM 

The study of conceptual behavior in recent years has received much 
attention from empirical researchers. Such research has been concerned 
chiefly with (a) variables v/hich affect concept attainment of adults 
or near-adults — specifically the college sophomore — or (b) develop- 
mental patterns of conceptual behavior in children. Representative of 
the first category is the work of Bruner et _al«. (1956), and of the 
second is the work of Inhelder and Piaget (1358), Researchers of the 
former category have come to use dimensional ized stimulus materials. 
Those of the latter seldom use these fabricated materials; rather 
children examining resl materials which are relevant to functional 
concepts are observed. These differences have limited the application 
of research results from that group which uses dimensional ized materials 
to other groups concerned with educational practices invclving children. 
If the void between these areas can be satisfactorily bridged, much 
knowledge which has previously been viewed as esoteric and basic in 
nature will have significance for classroom learning. It was toward 
this end that the present study was directed. 

Two possible approaches to this general problem sec eadlly 
apparent. The first is to structure knowledge into its various 
























irtlbiiSDflbii 



i 

i 

I 

I 

I 

■ 

B 

I 

i 

I 






2 

attributes and defining characteristics* The magnitude of the "stimulus 
material" here seems most formidable. The second is to introduce 
children at various age levels to tasks involving dimensionalized stimu- 
lus materials and then to examine the relationship of their performance 
on these tasks with more traditional curricular activities. This is 
the approach that was used in this study. 

The basic problem was two-fold: (a) to investigate developmental 

aspects of concept acquisition involving dimensionalized stimulus 
material, and (b) to investigate the relationship of concept learning 
in this laboratory situation to achievement In selected curricular 
areas. To these ends, data were gathered and analyzed so as to answer 
the specific questions under consideration in this study; 

1. What are the effects of the following variables upon infor- 
mation processing in concept attainment tajks; (a) grade 
level— seventh, eighth, and ninth; (b) sex; (c) exemplar 
or nonexeraplar stimulus presentation; and (d) exemplar, 
nonexemp3.ar, or indeterminant response options? 

2. What are the effects of the following variables upon concept 
attainment; (a) grade level-seventh, eighth, and ninth; 

(b) sex; and (c) exemplar or nonexemplar stimulus 
presentation? 

3. What are the common factors that account for the relationship 
among the concept attainment tasks and curricular achievement 
tedts?' 



I 



o 

ERIC 



























■triiiWrttifilw 



i^&Ml 







wrkmsrn 



3 

4* What are the relationships among laboratory variables the 
curricular areas as determined by oblique relationships of 
the common (task and curricular) factors? 











CHAPTER II 



RELATED RESEARCH 

The Nature of Concepts 

Concepts have been classified by Bruner, et ja. (1956) as conjunc- 
tive, disjunctive or relational. A conjunctive concept is defined as 
the joint presence of one level each of two or more attributes. A 
disjunctive concept is defined as the presence of either one, another, 
or both levels of an attribute. Attribute here refers to a figural 
dimension of a stimulus display. A relational concept is defined by a 
specifiable relationship between levels of attributes. For example, 
cards with the sane number of figures and borders exemplify a concept 
of a relational type. 

Neisser and Weene (1962) describe 10 types of attribute arrange- 
ments which can be defined by the presence or absence of various levels 
of dimensions. Their ’s is an extension of Bruner's classification of 
concepts. It Includes additionally; (a) negative instances of 
Bruner’s three types, (b) either-or patterns, and (c) Implication 
types. In further examination of types of concepts. Hunt (1961) found 
that conjunctive and relational solutions to concept attainment tasks 
using figural stimulus material were used by Ss more often than dis- 
junctive types of solutions. 

The general conclusion reached by those studying t 3 ^es of concepts 
is that the conjunctive type is the easiest and disjunctive is the most 
difficult for Ss to attain. The present research is concerned with the 
conjunctive types as defined by Bruner. 
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Early Studies of Concept Attainment 

Probably the best known of early studies of concept attainment and 
Informatiion processing in concept atteinnient are those conducted by 
Hull (1920), Heldbreder (1945), and Smoko (1932). Chinese characters 
were used by Hull (1920) as visual stimuli to fora and test the forma- 
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tion of concepts by university students. Sequential presentation of 
144 stimuli cards was accomplished with a memory drum. The Ss were 
exposed to a character for a period of five seconds and given the name 
of the associated concept by the experimenter. Perfect scores on two 
revolutions— 24 exposures— of the drum were the criteria for formation 
of the concept. Frequency of correct responses was the criterion for 
testing the formation of the concepts. Certain specific results of 
Hull *3 experiment have been summarized by Harris and Schwahn (1961). 
These results have limited applicability to the present study; methodo- 
logical factors are more relevant. For example, the sequential method 
of stimulus presentation in the study became almost a tradition up to 
the 1950’ s when Bruner et (1956) conducted their work using 

simultaneous presentation methods. In their work simultaneous present- 
ations of stimulus materials ware made; and additionally , conceptual 
membership of the stimulus cards v/as specified upon S's selection of 
instances to be tested. The use of visually presented stimulus 
materials by Hull which are unique to experimental Ss is also a 
relevant methodological factor used in the present study. 

Heldbreder (1945), (1946), (1948), (1949) also using serial 
presentation, conducted a series of studies cn concept attainment with 
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pictorial stimulus presentation. Her contributions to this area of 
study include the adaptions of terminology and the application of 
methodology to concept attainment. She was also especially concerned 
with stimulus variables: (a) familiarity, (b) simplicity, (c) uni- 

formity of visual patterns, and (d) goodness of form. One of her 
interesting findings regarding stimuli was that a hierarchy existed 
among concrete objects, spatial forms and numbers with number the most 
difficult. Though her conclusions are aot particularly relevant to the 
present study, they are of historical significance indicating: (a) con» 

tinulng interest in concept attainment, and (b) attempts at the classi- 
fication of variables related to concept attainment. 

In an early article Smoke (1932) reported that negative instances 
did little to facilitate concept attainment. Subsequently, Smoke (1933) 
reported no statistically significant difference in efficiency of 
concept learning between all positive or positive and negative instances 
on a task in which Ss attained concepts embedded in geometrical designs. 
Time- to- criterion scores were used as the dependent variable* These 
studies are some of the earliest research in which reference to 
exemplar (positive) and nonexemplar (negative) instances is made. 
Information Processing in Concept Attainment 

The most complete treatment of information processing to date has 
il^eon presented by Hunt (1962). Hot only does his book summarize work 
done in this area, but it also articulates an information processing 
plan for the attainment of concepts. Such plans don't require a S 
to be cognizant of an hypothesis regarding the relevant attributes of 





a concept. Ratheri through information proeessingy it is possible to 
check the relevance of each dimension successively. Thus information 
processing, may be distinct from other attainment procedures. 

Hovland (1952]^ examining more closely the fact that concept 
attainment could be studied in terms of inf 02 naation processing, pre- 
sented a theoretical analysis of the type of multi-level, dimensionali^ed 
stimulus material similar to that used in the present study. He demon- 
strated that the relative number of exemplars and nonexemplars varies 
as a function of: (a) the total number of dimensions involved, (b) the 

number of dimensions relevant to a concept, (c> the total number of 
values used for each dimension, and (d) the number of relevant values 
of each dimension. An independent analysis by Harris (1363) concurred 
with and extended Hovland' s analysis. 

Hovland (1952) also discussed the theoretical amounts of information 
potentially conveyed by positive and negative instances of a concept 
and concluded that in a restricted situation each potentially yields 
an equal amount of Information. A study by Buss (1950) was cited as 
suggesting the correctness of this conclusion in Hovland *s article. 
Examination of this study failed to show evidence of equality of 
exemplars and nonexemplars per se . Buss concluded only that a concept 
could be learned with positive and negative instances in a xwirning 
series. 

Hovland and Weiss (1953) subsequently examined the effects of 
positive and negative instances on information transmission. Sequential 
presentation of figural stimulus material was made to Ss. S*s task was 



to derive tllie combination of characteristics defining the concept. 
Results of the study indicated that positive instances conveyed infor- 
mation best, mixed positive and negative instances simultaneously pre- 
sented conveyed information at an intermediate level, and all negative 
instances were consistently inferior to the previous two. While Hovland 
and Weiss disproved the notion that concepts cannot be learned from all 
negative instances, no experimental evidence was presented indicating 
that nonexenplars potentially convey amounts of information equal to 
comparable exemplars. 

Tagatz and Meinke (1966) also examining positive and negative 
instances found no significant differences between the information 
yield of exemplars sad aonexeraplars when the information yield was 
examined independently of a total concept. This gave empirical support 
to the theoretical formulations of Hovland (1952) and Harris (1963). 
However, Hovland's (1952) analysis of exemplars and nonexemplars failed 
to consider that inter-card relationships can be a source of information 
in concept attainment tasks, as Tagatz (1963) has shown. The present 
study was designed to investigate this information processing variable 
more completely as well as Its relationship to concept attainment as 
a whole and other curricular areas. 

Variables Influencing Concept Attainment 

In the first Technical Report of the Research and Development Center 

7 

^Learning and Re-education at the iihilversity of Wisconsin, Klausmeier 
presented a Taxonomy of Variables in Concept l<earnlng. 

Major categories involved included stimulus variables, instructional 




variables^ response variables^ organisraic variables, and other conditions 
Infltiencing conceptual learning « 

Tdb Concept attainment problei&s involved in the present study were 
selected in an attempt to more completely understand certain stimuliss 
variables and to appraise differences among orgauismic variables* Cer- 
tain other factors considered in the Taxonomy resulted in the specific 
experimental procedures that were employed. The following review of 
research relative to variables influencing concept attainment eoneidore 
studies related to both of these conditions, and other factors that 
helped determine the experimental procedures used. Three subsections 
follow: 

First, relevant stimulus variables will be considered. Next, 
consideration of organismic characteristics will be examined; and 
lastly, material related to other variables which helped to delineate 
the procedures of the experiment will be considered. 

Stimulus Variables. The effects of intermittent reinforcement of 
an Irrelevant dimension and task complexity upon concept attainment was 
studied by Bourne and Haygood (1959). _Their task also required Ss to 
categorize visually presented stimuli. A repeated measures factorial 
design included six levels of intermittent reinforcement (50%, 60%. « « 
100%) and three levels of task complexity (1, S, and 5 Irrelevant 
stimulus dimensions in addition to the intermittently reinforced 
dimensions.) During initial learning the intermittent reinforcement 
facilitated concept attainment. However, it had an Inhibiting effect 
on transfer problems in which the irrelevant dimensions became relevant. 




Regarding stimulus complexity, they concluded that increasing the number 
of irrelevant stimulus dimensions tends to decrease efficiency* In a 
supplementary report, Bourne and Haygood (1961), using experimental 
procedures similar to their previous study, found that relevant redun- 
dancy of stimulus dimensions facilitates S’s performance on concept 
id''ntlfication problems* Color and shape were redundant dimensions in 
their experiment. 

Archer, Bourne, and Brown (1955) studied the effect of the addition 
of Irrelevant dimensions to a sorting task in which cards were assigned 
to appropriate categories based on figural dimensions* An oscilloscope 
was used as the presentation method* Findings indicate that efficiency 
of performance decreases as the number of irrelevant stimulus dimensions 
increases* 

Archer (1962) found that there was an interaction between obvious- 
ness and relevance of stimulus material so that S’s performance was 
facilitated on a task of categorizing visually presented stimuli. Archer 
concluded that the optimum condition for Ss to identify a concept is 
when the obviousness of the relevant information is maximized and the 
obviousness of irrelevant information is minimized* Another interesting 
finding was that men found the task easier when form was relevant rather 
than irrelevant, and the opposite was true for women* Archer concluded 
that the difference was not likely biological, but rather it might have 
been the differenv'.e in availability of distinctive labels by the two 
sexes for the various forms* 

Organlsmic Variables* With the exception of certain obvious 
physical variables, organigmic characteristics have received little 






In the Taxonomy mentioned 



attention from the experimental researcher# 
previously, five major categories of organismlc characteristics were 
articulated; namely, cognitive, psyche*motor, affective, physical and 
socio-cultural# A quick examination of the concept- learning biblio- 
graphy in the same technical report found few articles reporting 
empirical findings relative to any of these five characteristics# It 
appears that this is an avenue of research that has been neglected. In 
discussing this particular problem. Bourne (1S66) concluded that 
research in the area is sparse, primitive, and unsystematic. 

Two approaches to the research of this area are readily apparent# 
The first is the stratification on the basis of the organismlc charac- 
teristics and second is the attempted manipulation of the situation so 
as to either identify or produce organismlc change# 

Fliasak (1963) reported a study of the relationship of age and 
efficiency of attaining concepts# Taro groups of Ss were compared, 

The mean age for the younger Ss wud 21 #2 years with a range from 20-25 
years# Ihe mean age for the older Ss was 29# 4, and the age range 
25-30 years# In a second experiment a young and an old group was 
again Identified with a mean difference of tea years between the two 
groups. Younger Ss averaged 21,7 years; older Ss averaged 31# 7 years# 
Tlme-to-crlterion scores on six and four concept attainment problems, 
respectively, were the dependent variable# Results of both experiments 
Indicated that young Ss are more efficient in the process of attaining 
concepts # 

Li'- (1963) examined the relationship among divergent and conv - 
gent vliinking abilities and concept attainment# Ss for his study 




consisted of 40 males and 40 females In a younger group and 40 males 
and 40 females In an oldei* fncmin. Tho mimhot* n-p d-af-i o4 #VM 4 ^ 
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cant relationships and the absence of significant correlations for 
either younger or older Ss lead to the conclusion that concept attain** 
ment is not associated with the organismic variables considered in 
that study, namely, logical reasoning, grade point average, ideational 
fluency, and spontaneous flexibility, 

Tagatz (1963) examining the effect of selected variables on both 
information processing in concept attainment and concept attainment 
as a whole, included in his analyses the effect of sex difference. 

So were 72 students, stratified on the basis of sex with equal numbers 
of males and females, enrolled in Bducational Psychology, The information 
processing activities were similar to those used in the present study as 
were the concept attainment problems. There were no significant 
differences in either analyses between male and female Ss. 

Memory, also viewed by Bourne (1966) as an organismic variable, 
has been researched by Cahill and Hovlanr*, (I960), l>vo types of serial 
presentations were studied. In one presentation method, instances were 
removed prior to presentation of the next in the series; under the 
second, all instances remained in view. Memory effects were studied 
by comparing the number of cases where guesses as to the concept were 
incompatible v/lth information presented in prior instances under the 
two conditions, Ss who made more "perceptual-inference” and "memory” 
errors had greater difficulty in acquiring concepts. 

Hunt (1961) presented Ss with a series of figural instances 
sufficient to determine a concept after having first been presented 
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with a series which presented labelled instances, the labelling indicating 
positive or negative membership to the concept which was to be attained. 

An interference effect was found for instances intervening between the 
information transmitting instance and the beginning of the test; i.e«, 
a linear relationship was found between the first series of presentation 
and the second. 

Memory is thus shown to have an effect on performance in concept 
attainment tasks. The present study was designed to minimize this 
source of variance by indicating the membership of a sufficient number 
of instances to attain the concept and not requiring Ss to select 
instances as has been required by certain other researchers, e.g. 

Bruner et al. (1956), 

Other Relevant Variables, Callantine and Warren (1955) conducted 
an experiment to compare concept formation under single and multiple 
training problem conditions. The stimulus material consisted of 3 x 3 
inch cards containing wo geometric figures* A card sorting procedure 
was used in which six groups of 20 Sr each sorted cards into four 
conceptual categories. The four concepts were: (a) both color and 

form the same, (b) color different but form the same, (c) color the 
same but form different, and (d) both color and form different. The 
six groups were defined with respect to the training they received. 

For example, one group received four different stimulus patterns per 
concept, each repeated five times; another group received one pattern, 
repeated 20 times. Results indicated that in some learning situations, 
human learning is facilitated by training on a variety of •problems of 
the same type. 
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Oseas and Underwood (1052) studied the attainment of concepts 
embedded in trichotomous levels of three figural dimensions* S's 
responses to sequentially presented stimuli consisted of alphabetic 
letters* The independent variable studied was time between problems* 
Massed practice (six second intervals between problems) resulted in less 
efficiency than did distributed practice (treatment conditions of 15, 

30, and 60 seconds between problems) in conceptual categorizationo The 
fact that so significant difference existed between the 15, 30, and 60 
second treatments is relevant to the procedures used in the test con** 
structed for this study* Ss were given a 15 second interval to solve 
information processing problems with no less than 15 seconds between 
problems. 

The Relationship of Concept Attainment and Curricular Areas « 

Fewer studies of the relationship between concept attainment and 
learning in curricular areas are evident in the literature than one 
would expect when considering the potential significance of such 
research* Studies reported in the following section will present the 
Ts^.ults of studies regarding the relationship of concept attainment 
to the language arts curriculum, the mathematics curriculum, and the 
science curriculum. 

Language Arts, Braun (1963) reported a study designed to examine 
the relbcionship between concept formation ability and reading acF.leve- 
ment.of boys in the third, fifth, and seventh grades* hypothesized 

that there would be a positive relationship between concept formation 
ability and reading achievement* She also hypothesized that the magni- 
tude of ^he relationship between concept formation and reading is 



greater than that between reading and intellicrence* The concept attain 

O.C\ tu4 V ^vi4* 
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There were four words typed in a horizontal line on each of the 3x5 
cards, and each of the cards contained one word that had something in 
common with one of the words on each of the other cards* A S typically 
was shown each card and had it read to him* Following this a S was 
asked to tell what the concept was that appeared on every card* If it 
was necessary, the cards were read to the S a second time* The two 
hypotheses were both supported, nexsely: (a) there was a positive 

relationship between concept formation ability and subsequent reading 
SCS«liOV@ul0^ V I and (b) the magnitude of the relationship between the 
concept formation and the reading was higher than between reading 
and intelligence* 

Bloomer (1961) examining concepts of meaning and the reading and 
spel’ing difficulty of words, concluded that the teaching of reading 
would be more effective if greater emphasis would be placed upon words 
which have specific and concrete meanings* He also concluded that 
greater emphasis in making these words meaningful to children would 
have significant effects on reading achievement* Concreteness was 
represented by the degree of direct contact with the senses* This 
was contrasted with terms which were represented by definition 
through use of other words* 

MathematicSs Elkind (1961) in a study replicating Piaget’s 
studies of the development of quantitative thinking, used 80 school 
and pre-school children who were divided into three age groups, namely, 
four, five, and six/seven-year-olds* These youngsters were tested on 
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three types of materials, namely: manipulation of sticks, liquids and 

l3eads« They were also tested on three tynen nt quantity moaenres, 
namely: gross quantities (which are defined as single perceived rela- 

tions between objects, i.e,, larger than, longer than), A second and 
more complex type of quantity is intensive quantity* These are per- 
ceived quantity relaticas taken two by two: longer and wider, taller 

and thicker. The third is called an extensive quantity. Extensive 
quantities are unit relations between objects: X is half of Y, X is 

twice y, etc. The analysis of variance sbCMitred that success in comparing 
quantities varied significantly with age, type of quantity, and type of 
material. The correlations for types of materials were positive, high, 
and significant, thus supporting Piaget's assumption that a common 
conceptualizing ability underlies children's success in co^^paring 
quantities with different materials. The correlation of scores on the 
tasks previously described and WISC scores were positive, generally low, 
and only sometimes significant. This suggests that the ability to 
conceptualize, or concept attainment ability as it might be called, is 
only partially dependent upon intelligence, 

Preyburg (lS6bj studied the relationship between general intellec- 
tual ability, conceptual development^ and attainment in arithmetical ( 
computation and arithmetical problem solving and spelling. One 
hundred and fifty-on© children, whose ages ranged from six to nine 
years were the Ss for the study, A 72 item, objective tes^ of concept 
development was used. Items included tests of conservation of quantity 
and weight, of numerical correspondents, of additive composition of 
numbers in classes, and of concepts of position in space, speed, kinship 




and causal relationships* Higher correlations were found between mental 
age and concept attainment than between concept attainment and chrono- 
logical age* The author also stated that mental age and conceptual 
development scores showed only a moderate degree of association. 

Freyburg concluded that children's school performance associated with 
aspects of conceptual development is not adequately assessed by conven- 
tional intelligence tests* 

Feigenbauin (1963) conducted an experiment to test whether Piaget's 
explanation emphasizing logical operations occurring in a variable 
stage system is sufficient to account for success or failure in under- 
standing the principle of conservation* Several tests of correspondence 
and conservation were used* For example, the Ss in one treatment were 
presented with 20 beads all of the same dimension* They were instructed 
to drop simultaneously one bead into one glass and another bead into a 
second glass of the same dimension. After putting all of the beads 
into the two glasses, Ss were asked the following questions: "what 

glass has more beads in it?** '*Do the two glasses have the same number 
of beads?” "Can you tell me why?" Thus, correspondence was measured* 

In a test of conservation E took the beads that the S had put into one 
of the glasses of equal size and poured them into glasses of smaller 
dimensions, causing the level of the beods In the smaller glass to 
appear higher than the level in the other glass* The Ss were then 
asked the following questions: "Which has more beads in it?" "Or 
do the two glasses both have the same number of beads?" "Can you 
tell me why?" In this way conservation was tested, Ss for this study 
were 90 studonta from nursery and elementary schools* Their ages 



V 













’8 



ranged between four and seven which was similar to Piaget’s original 
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concept was not defined by definite ages or stages i rather Ss’ ability 
to solve the tasks used in the study were suggestive of a gradual 
development# The data also indicated that the children’s grasp of 
the conservation concept tended to vary with their IQ and with the 
nature of concrete experimental operation. 

Science. The last curricular area to he considered is the science 
curricululh. The studies considered here pertain to Ss’ attalnn»nt of 
concepts related to science. 

^Ison (1958) (IdSO) reported that children from grades four, five 
and six can achieve significant gains in their imderstandlng of concepts 
and principles related to light and sound when they are given instruction. 
There were no significant differences in improvement, however, associated 
with the grade level of the pupils nor the sex of the Ss. 

King (1960) studied children* s responses to seventy questions 
related to science concepts. The questions mvQ organized around 
five headings: a) concepts of length, v, eight, time, and direction, 

* ) concepts of mechanics, levers, and wheels, c) concepts of living 
things and seasons, d) concepts of volume and weight, and e) concepts 
of shadows and sections. V/orking with 1,811 children whose ages ranged 
from five to twelve years, King found a gradual development of the 
reasoning abilities of children. This finding of a gradual development 
of the reasoning processes was interpreted by the author as nonsupportive 
evidence of Piaget’s stages of development# 
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Atkin (1961) selected brighter than average children, IQ scores over 
105, In grades four, five and six. They were given twenty-five sessions 
of lonrty-iive minutes each. The content of the material presented to 
the Ss Vi^s related to concepts and principles of astronomy. He found 
that the Ss were Interested in the sessions of astronomy, that the Ss 
were able to conceptualize many of the topics that wore presented, and 
that boys participated in classroom discussions more freely than girls. 

In a later study, King (1963) used only twenty questions related 
to science concepts. His Ss were 368 boys and 433 girls who ranged in 
age from 5 years and 4 months to 17 year^ 3 months. He found the 
rate of growth of scientific knowledge of boys and girls to be similar 
at the primary school level, ICnowledge of science concepts, however, 
was significantly greater for boys at the secondary school level. 

Four concept attainment problems were given to high school 
sophomores by Olson (1963), Two problems were related to science. 

On© was concerned with reciprocating motion, and the other with levers, 
Olson found no sex differences for three of the concept problems, but 
boys scored significantly higher than girls on the lever concept prs,blem. 
Furthermore, there were no significant differences in concept attainment 
whoa only positive Instances were presented compared with both positive 
and negative instances presented together. 

It would seem from these studies concerned with children’s acquisi- 
tion of science concepts that boys and girls do equally well in the pri- 
mary grades. Boys may, however, do bett>'» with certain concepts at the 
secondary level. Rather than pointing to a physiological difference to 
account lor these findings, it would appear more tenable to hypothesize 





that bojrs may develop differential Interests con^ared to girls or that 
they develop better verbal referents to handle some scientific concepts* 
The failure to support Piaget’s stages of development related to reasoning 
might be attributed to King’s cross-sectional approach rather than the 
study of one individual Intensively over time* 

Summary 

In this revievr of related research the nature of concepts and some 
early studies of concept attainment have been e^samined* Studies of 
information processing in concept attainment have been reviewed* Then 
selected variables Influencing concept attainment ^ todo which are 
related to variables under consideration in the px«sent study were 
examined* Finally studies concerning the rolationsbip of concept 
attainnent to ctn^ricular areas have been irevlewed* 

The type of concepts used in the present study are conjunctive in 
nature as defined by Bruner ^ ^^* (1956) • Research dealing with types 
of concepts indicates that the conjunctive type is the easiest for Ss 
to attain, disjunctive the most difficult, and relational intermediate 
in difficulty. The present research is concerned with the conjunctive 
type which appears to be most common in human use* 

Concerning inforimtlon processing in concept attalnmentf Hovlatid 
Ct95^) appears to have presented the first complete analysis* Be 
demonstrated that the theoretical amount of information potentially 
conveyed by positive and negative instances was equal in restricted 
situations. This was empirically validated by Tagatz and Msinhe (1S66) 
for information processing tas!ss, but these Information processing^ tasks 
were somewhat dissimilar frcrni certain OkJher concept attainment tasks 




ThQ present study t?as designed to ascertain the relationship of both ot 
these types of tashs and curricular achievement. 

Variables influencing concept attainment e::amined in this section 
concerned stimulus variables, organismic variables, and other variables 
concerning procedures. Regarding stimulus variables, several generaliza- 
tions seem established: (a) Increasing the amount of irrelevant informa- 

tion decreases efficiency of concept attainment, (b) Redundancy of relevant 
diisensions facilitates S*s performance, (c) The optimum condition for Ss 
to identify concepts is v/hen the most obvious dimensions are relevant and 
when the more obscure dic^nsions are irrelevant to a concept to be attained. 

It was concluded that the present understanding of organismic variables 
is limited* Sex differences involving older Ss were not evident, Ifemory, 
also viewed by Bourne (1966) as an organismic variable, was found to be 
significantly related to concept attains^nt where Ss selected and were 
required to retain information through card selection activities. 

Utethodological variables ^re also examined. Here, too, some 
conclusions seem established: (a) Performance decreases as delay in 

feedbach increases, (b) Increasing the amount of incorrect feedback 
decreases efficiency, (c) In some learning situations, human learning 
is facilitated by multiple problem training. The present study controls 
feedback in that feedback occurs during problems following each concept 
offered by the S. 

Finally,' studies concerned with the relationship of co^eept attain- 
ment and curricular areas were considered. The curricula f .oas were 
language arts, mathematics, and science. These studios reveal specific 
and general findings. 




Spdciflo eo&olusioiui 2ound utre: «) Conotpt foeramtion it 

V9latad to roadios achlovetao&t to ovos a greattr extant than readlss 
aebltvftnant Is related to X« b) Xn toaohing reading the roeosaesida-* 
tion iras made that •nf>haai8 should bo placed upon vords with speelfle 
and concrete osanlng* e) One study supports Piaget’s assunption that 
sooa oorosoa conceptual ability underlies the child's success with the 
ooepsriscn of (piantlties of differential smttar* 

There seems to be esaerging some consistent general findings that 
run across the ctirrlcular areas: a) Tests of intelligence no:? in use 
do not assess the child's school performance associated with conceptual 
development, b) Boys and girls seem to develop coc^etency with concepts 
at about the same rate during the primary school years. When sex 
differences are found, they generally appear at the secondary school 
level and relate to specific concept problems, o) Piaget's stage 
theory of reasoning ability was not generally supported, but, rather, 
there seemed to be a gradual or general developmental trend in children's 
reasoning ability associated with concept acquisition. 




CHAPTER III 



PROCEDJHES AtID EXPERIMENTAL DESIGN 



Subjects 

Subjects (Ss) for the study were 20 males and 20 females each from 
three grade levels-- seven, eight, and nine* Thus, a total of 120 Ss 
participated. The stratified sample was selected from a total of 207 
Ss enrolled in Junior High School at the Campus Laboratory School at 
Indiana State University. 

This pool of Ss represents a wide range of ability levels. The 
average IQ for the students studied was 105, with a range from 71-145. 
The area in which many of these students live is presently the object of 
urban renewal plans. Hence, the low end of the socio-economic continuum 
is represented. Additionally, approximately 15 percent of the school's 
enrollment consists of children of professional people. Thus, the 
extremes of the socio-economic continuum are well represented. Normal 
promotional policies are practiced within the school and, as a result, 
typical age increments exist among the grades used. In summary, the 
students used were representative of & wide range of social and economic 
factors and intellectual abilities. Hence, they were considered excel- 
lent Ss for this study. 

Experimental Materials 

Stimulus materials for concept attainment tasks traditionally 
possess characteristics by which similarities and differences between 
instances can be observed. In this way, universes are fabricated by 
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experimenters c Fabricated universes have the advantage of being manipu* 

1 



j-ovou s'€adily« The i^jreB«ut study lahkeS liSe %jt thi» advautagei 

The information processing tasks and the concept attainment problems 
in this study used as their material base an array of 64 stimulus cards* 
Six attributes were represented on eacu card by one of two defining 
characteristics. These six attributes and their defining characteristics 
were: 

One or l^o 
Solid or Broken 
One or Two 
Large or Small 
Red or Green 
Circle or Ellipse 

Each card was different from all ether cards on that display in at least 
one of the dichotomous defining characteristics. Each defining charac- 
teristic appeared on 32 cards; its pair appeared on the remaining 32 
cards • 

This stimulus construction permitted the categorization of cards 
on the basis of dimensions. Regarding the categorization process, 

Bruner, et al. (1956) stated: "To categorize is to render discriminably 

different things equivalent, to group the objects and events and people 
around us into classes, and Id zespend to tiiea in terms of their class 



1. Border Number: 

2. Border Type: 

3. Figure Number: 

4. Figure Size: 

5. Figure Color: 

6. Figure Shape: 



Hhe reader’s attention is directed • to • Hovland (1652) and 
Harris (1963) and Tagatz (1963) for more detailed discussions of this 
type of stimulus construction. 









H 



HTL 1 VI V> 
























- -z' -U' 










' 1. 





25 



membership rather than their uniqueness/* The cards on the display were 
discriminably different In one or more defining characteristics; they were 
minimally siL:llar in that they were ail members of the same imiverse» i*eet 






contained 29 iX 



liust sauted one or moro 



identical defining characteristics. In this way they could be equivalent* 
Information Processing Data, For the information processing tasks, 
slides were used showing various cards from the stimulus board described 
above. Directions (see Appendix I) were also prepared for the purpose of 
instructing Ss about information processing. 

Sixty slides constituted the information processing test, Tvo addl** 
tional slides were presented for instructional purposes prior to the 
presentation of each half of the test. The first half consisted of items 
in which one card, either an exemplar or nonexemplar, was presented in 
addition to an exemplar focus card, Ss* task was to specify the inclu- 
sion, exclusion, or indeterminance of still another card to membership 
in a group of cards exemplifying a concept. Problems presenting exemplars 
numbered 15; those presenting nonexemplars numbered 15, In these 15 
exemplar items, 10 test cards, i,e,, the cards for which membership was 
to be determined, were definitely exemplars of the same concepts that 
the focus card exemplified. The membership of the remaining five test 
cards could not be determined. In the 15 problems presenting a focus 
card and a nonexemplar, 10 test cards were definitely nonexemplars and 
five were again not determinable. Thus, these 30 problems could be 
scored on the basis of Information presented*’-15 exemplars and 15 
nonexemplars— or it could be scored on the basis of test card member- 
ship-exemplar, nonexemplar, and cards of indeterminant membership. 
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(See Fig. 1*) These three conditions of membership for test cards 
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Fig. 1. Information processing tasks showing stimulus presentation 
and corresponding response option for Subtest One and Subtest Two. The 
order of presentation of items within subtests was random. 
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The second 30 Items were constructed using the same focus cards and 
test cards as the first 30, The information presented in addition to the 
exemplar focus card consisted of two cards rather than one as In the 
ixrsc suDtest. One of the two cards for each problem was an additional 
exemplar; the other was the same xn kind as its counterpart in the first 
30 items. The answers to the 30 items of Subtest T\vo were exactly the 
same except that the information presented about the test card in the 
second subtest Included the additional complexity of me card* 

Concept Attainment Tasks. For the concept attainment problems the 
64 card stimulus display was used. Directions were prepared for instruc- 
tion of Ss as to the procedures of concept attainment. (See Appendix II.) 
Markers specifying exemplary nonexemplars and an oxomplar- focus card vere 
used to specify the membership of cards to the conceptual category for 
the respective problems. A stop watch was used as a timing device. 

Figure 2 is a replication of the answer sheet on which S responded with 
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Figure Co?.or 
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Figure Shape 
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Pig. 2, Answer sb^et on which Ss marked their responses to 
concept attainment tasks. *" 

his concept. This was done by checking the relevant defining character- 
istics of the various attributes. Summary sheets on which complete data 
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for each problem were recorded were prepared for all individuals. 

Appendix III*) 

The problems or concepts to be attained were "solid border with one- 
red figure" and "broken borders with small-elliptical figures." Each of 
these concepts was used tv/ice. The concept was presented through exemplar 
instances in the first situation and through an exemplar focus card and 
nonexemplar Instances in the second situation. Figure 3 indicates a 
verbal description of the defining characteristics of each attribute of 
the cards specified as illustrating or not illustrating the concept. 

Achievement Test Data, Prior to data collection^ four factors had 
been hypothesized from curricular areas as potentially being related to 
information processing and/or concept attainment. These factors were: 
numerical^ verbal, social studies, and science. Tests from four stan- 
dardized achievement batteries were used as data gathering instruments. 
Those were: (a) California Achievement Tests, Form V/; (b) SRA 

Achievement Series, Form A; (c) Stanford Achievement Tests, Form V/; and 
(d) selected tests from the Sequential Tests of Educational Progress. 
Figure 4 indicates the hypothesized relationship of these tests to the 
factors. A total of 30 achievement tests and/or subtests were adminis- 
tered. 

Experimental Procedures 

Data of three types were gathered for subsequent analysis in the 
study. These were: (a) scores on the information processing test, 

(b) tiae-to-criterion scores for the concept attainment problems, and 

(c) achievement test scores representative of the curriculum of the 
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Fig. 3. Verbal description of the defining characteristics of each attribute 
lor cards which eKenplifiad or did not exemplify the two concepts presented 
through exemplar focus cards and either exemplar or nonexemplar instances* 



o 

ERIC 






Jim 
















r r» 



30 



igw^w^n^^Mi^i— II I ■! a»sifpi^3Mwca^x^i«w»^wi— fMixip— iwi**w— — Kjat*»a 



X. Number 


21. 


Verbal 


! 

nx. Social Studies 


SRA - Arith. Reas. 


A. 


Vocabulary 


Stsnf. - Soc, Stu, 


SRA - Arith. Comp. 






SRA “ Charts 


Stanf. - Aritb. Comp, 




Calif. - Read. Vocab. 


SEA - References 


Stanf. - Arith. Appli. 




SRA ~ Read, Vocab. 


STEP - Soc, Stu. I 


Calif. - Arith. Reas. 
STEP - Math 11 


B. 


Spelling 


STEP - Soc. Stu, 13 






Stanf. - Spelling 


IV, Science 






Calif. - Spelling 








SRA - Lang. Arts 


Stfmf, » Science 
STEP - Science 1 




C. 


Reading Comprehension 


STEP - Selene© II 






Stanf, - Para, Mean, 
Calif. - Read. Comp. 
SRA - Read. Comp, 






D. 


Grammar 








Stanf. - Lang. 

Calif. - Mech. of Eng. 
SRA - Lang, Arts 2 
SRA - Lang. Arts 12 










m 



FiS* 4. Hypotbesized relationships of tests to four achievement 
factors. 

Junior high school within which conceptual behavior is evident. Description 
of the procedures followed in gathering these three types of data follow. 

Information Processing Data^ The E went into the classroom to test 
the Ss in information processing. A screen and lantern slide projector 
were set up beforehand. There were approximately 30 Ss in each class- 
room who were tested as a group. The classroom teacher remained in the 
room during the testing. 

Directions with attached answer sheets and pencils were passed out 
to each S. The S read the directions aloud while the Ss read along 
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silently* ( see Appendix I ,) The 64 card stimulus display boards as 
described previously, was used "to depict the six properties or character"* 
Istics of each card* It was placed prominently in view and referred to 
when appropriate* An example of the first task to be solved by the Ss 
was presented on the screen and explained to them* There were three 
cards in this example: (Figural characteristics of each card are 

semantically presented in this report*) 



Focus Card 




Yes Card 




Test Card 




Border Number: 


One 


Border Number; 


One 


Border Number: 


One 


Border Type: 


Broken 


Border Type: 


Broken 


Border Type; 


Broken 


Figure Number: 


Iwo 


Figure Number; 


One 


Figure Number; 


One 


Figure Color: 


Green 


Figure Color; 


Red 


Figure Color: 


Green 


Figure Size: 


Large 


Figure Size; 


Large 


Figure Size; 


Small 


Figure Shape: 


Elliptical 


Figure Shape: 


Circular 


Figure Shape; 


Circular 


The Ss were to determine if 


the test card 


was: (a) 


f ’yes'* card (an 





example of the concept), (b) a *‘no'* card (not an example of the concept), 
or (c) a 'can*t tell” card (not enough information presented to determine 
the card’s membership). Thirty problems each containing three cards— a 
focus card, either a yes card cr a no card, and a test card**“were to be 
solved by the Ss. They were to fill in their answers (”yes,” “no,” or 
’’can’t tell”) on an IBM answer sheet for these 33 problems* There was 
a 15 second interval between the presentation of each slide* 

Directions for the second task to be solved by the Ss were then read 
aloud to them* An example of this type of problem was preuented on the 
screen and explained* The second task was similar to the first except 
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'tbst four cords rather that) three were used* In this way^ nsore inforna** 

I 

tion was presented to the Ss, Each problem in this group used the same 
focus card and test card as in the respective item in the first half of 
the test, A 15-second interval was again used between the presentation 
of each slide, and again 30 slides were presented to the Ss, The Ss 
answered either: (a) "yes,” (b) "no,” or (c) "can*t tell" to these 

30 problems, also on an IBM answer sheet. 

Upon the completion of the two parts of this information processing 
test, the instructional booklet and the answer sheets were collected from 
each S, At this time, they were asked not to divulge the nature of the 
activity to members of other classes ia the school. They were also 
informed that they would be participating in additional activities, sad 
as a result their cooperation was requested. 

Concept Attainment Data, The E picked up each S at his classroom 
and took him to the room in which all of the concept attainment data were 
c«^!lected. This room was about the sise of a classroom and contained two 
desks and a large rectangular table. The 64 card stimulus display, as 
described previously, was laid upon one end of the table. Directions 
for these concept attainment problems (see Appendix II ) were placed just 
below the edge of the stimulus display in front.* of the- Ss,. 

E sat across from S, Again, directions were read aloud to the S as he 
read them silently. These directions presented a review of the charac- 
teristics of the stimulus display and the meaning of ''conceptual 
categorization.*’ S was shown how to respond with the concept when he 
thought he knew it by using a special form illustrated previously in 
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Each S was then required to solve four problems. These four problems 
consisted of two concepts; ^ach presented through exemplar and nonexemplar 
instances. These four problems could be examined on the basis of; 

(a) exemplar presentation and noaexemplar presentation; (b) problem 
(concept) one or problem (concept) two; or (c) the interaction of 
problem by exemplar-nonexemplar. 

An exemplar focus card, along with the three sdditional exemplars 
or three additional nonexemplars was presented for each problem. Each 
card varied one dimension from the exemplar focus card. Thus the 
dimensions of the concept were delineated through either (a) the one 
dimensional difference of each nonexemplar or (b) the commonality of 
dimensions of the three exemplars and the focus card. All of the pre- 
sentations of these four problems were random. Markers were arranged 
specifying the exemplar focus card and other exemplars or nonexemplars. 
Timing was begun upon placement of the last marker. When S offered an 
hypothesis for a concept, he checked the relevant characteristics on the 
slip which was provided for him. (see Pig, 2,.) E read the concept back 
to him. If he was corrf't, S said ’correct ' and the problem was over. 

If he was not correct, E said ”no>s correct; continue” and S again attemp- 
ed to determine the e'oncept, Upon the completion* cf each problem, time- 
to-criterion was recorded. If a S failed to solve a problem within a 
15-ninute time interval, B terminated that problem by indicating the 
relevant characteristics of the concept and articulated how the concept 
might have been attained from the information presented. The session was 
terminated and S returned to his classroom when all four problems had 
been completed. He was asked again not to divulge the nature of the task. 
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Achievement Test Data, Achievement teats were administered inter- 
mittently throughout the second semester* Seventh and eighth grade Ss 
were tested as one group; ninth grade was another group* Both groups 
typically were given the same subtests on the same day* 

The room used for testing was a ballroom of the Tirey Memorial 
Union building at Indiana State University, The room was equipped with 
a public address system for the presentation of directions and was 
adequately lighted and ventilated* Tables provided ample working 
space for Ss. Ss were accompanied to the testing room from the Labora- 
tory School of Indiana State University by their teacher. The teacher 
remained until after testing was underway* 

The publisher* s directions for administration were followed for all 
tests. Tests from the following achievement batteries were administered: 
(a) California Achievement Test, Form V/; (b) SRA Achievement Series, 

Form A; (c) Stanford Achievement Test, Form W; <d) Sequential Tests of 
Educational Progress, Form A* After the administration of tests from 
the respective batteries, an interval of from one to three weeks was 

allowed* Buring this time no achievement testing was undertaken* 

Analysis 

Information Processing and Concept Attainment Analyses. The 
information processing scores were analyzed on the basis of (a) stimulus 
presentation and (b) response modes using analysis of variance procedures* 
Because these two conditions were not orthogonal In the design, a separate 
analysis was undertaken for each. Figure 1 showed the stimulus presen» 
tation and corresponding response options for the subtests involved In 






the iaformatton processing test. Through an examination of Figure 1 the 
reason for the two separate analyses becoioes apparent. These two analyses 
were exactly the same for the examination of the organlsmic strata, i, e,, 
sex and grade levels; but the analyses were different on the basis of the 
repeated measures, i, e, , stimulus presentation or the response option. 

As a result, the interactions of organismic strata and the repeated 
measures were also different, 

A 2 X 3 factorial design with repeated measures was used for the 
analysis of stimulus presentation. As indicated, the two level and three 
level variables were sex and grade, respectively. The repeated n®asures 
consisted of exemplar and nonexemplar items from each of the two subtests. 
In the analysis of variance performed on response options, the analysis of 
sex and grade— again in a 2 x 3 factorial design— was identical to the 
previous analysis; but in this analysis there were three response options 
as repeated measures rather than four presentation modes. The procedure 
discussed by Greenhouse and Goissor (lODO) for a conscrvativo test of 
repeated measures was used in these and other analyses involving repeated 
measures. 

The time-to-criterion scores from all concept attainment problems 
were also analyzed using analysis of variance techniques. Again, a 2 x 3 
factorial design with repeated measures was used. The binary and tertiary 
variables were again sex and grade level. The repeated measures in this 
instance were the four problems or concepts to be attained. These four 

problems wore arranged in a 2 x 2 factorial pattern. Since exemplar- 
nonexemplar differences and problem differences could be appraised, the 
interaction of exemplar by problem could be analyzed. For a more complete 

description of this analysis see Tagatz (1963), 




Because these problems were administered in a random sequence to the 
Ss, it was possible to further examine these data to determine the effect 
of ordinal position on efficiency of concept attainment. This analysis 
of repeated measures was also undertaken* 

Duncan’s Multiple Range Test was used as an a posteriori test to 
identify statistically significant differences in comparisons involving 
more than two groups* In order to reduce alpha error, the largest value 
was used in all comparisons. 

Achievement Test Scores. After the answer sheets had been correct*^ 
ed, scores from the achievement tests were made available to the school 
providing the Ss* As these batteries have been standardized, no further 
analysis was undertaken to determine grade level increments and sex 
differences or grade by sex interactions. Rather the relationship of 
the achievement measures to each other and to the information processing 
and concept attainment problems were examined* 

Factor Analyses. From the intercorrelations of the 30 achievement 
tests, 16 tests representing the five relatively distinct curriculf‘:r 
groupings were selected for analysis. This subset of the total of the 
test batteries y,as selected by establishing the curricular validity 
of the fifteen tests using the convergont'-divdrgen't'a.ppiroach- 6ft the 
Campbell and Flske (195S) multimethod-multitrait matrix. Thoje achieve « 
ment tests which tended to b <3 heavily confounded with several curricular 
areas were purged from the battery. Additionally, 14 tests representing 
concept attainment and Information processing were Included for analysis. 
Recall, however, that the information processing instances were arranged 
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by type of information prosentation and then, by respoaea ©ptioni th© dapan** 
denoies developed by this operation required the separation of these testSf 
alorxg with the achievement and concept attainment tests, into tro separate 
matrices of intercorrelations. 

Each of these separate sets of data analyzed using two data 
reduction models, Alpha Factor Analysis, Kaiser and Caffrey (1963) and 
Incomplete Image Analysis, Harris <1962), The two models were selected 
because of their scale*free characteristics* The first* the Alpha 
solution, rescales R-U^ in the metric of the common parts. The second, 
the Incomplete Image solution, rescales R-S^ in the metric of the unique 
parts. The factors of both solutions were rotated to the Harris-Kaiser 
(1964) oblique criterion; and the L matrix, the factor intercorrelations, 
were examined for relationships among curricular areas, concept attain- 
ment, and information processing. 
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CHAPTER IV 



RESULTS 



The results of. the study are presented in the seneral order of the 
questions F<-ated in the problem section of this paper* Because of their 
interrelationship, the third and fourth questions are considered in a 
combined section* The specific questions were: 

I» What are the effects of the following .variables upon information 
processing in concept attainment tasks: (a) grade level- 

seventh, eighth, and ninth; (b) sox; (c) exempla*' or nonexemplar 
stimulus presentation; and (d) exemplar, nonexemplar, or Inde- 
terminant response options? 

2, What are the effects of the following variables upon concept 
attainment: (a) grade level— seventh, eighth, and ninth; 

<b) se'^s; and (c) exemplar or nonexemplar stimulus presen-* 
tatlon? 

3$ What are the common factors that account for the relationships 
among the concept attainment tasks and curricular achievement 
tests? 

4* What ar© the relationships among laboratory variables and the- 
curricular areas as determined by oblique relationships of the 
common (task and curricular) factors? 

Information Processing, Table 1 presents the results of the 
analysis of variance of scores leased. on the ex&mplar»noncxemplar stimu- 
lus presentation cf the information processing tasks. Two sources of 
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TABLE 1 

Analysis of Variance ^>f Score.'' Based on Exemplar-Nonexemplar 
Stimulus Presentation of the Information Processing Tasks 



Source 


SS 


df 


MS 


F 


Level of Signifi- 












cance 


Organismic Strata 


(OS) (369.71) 




(73.94) 


(4.90) 


(•01) 


Sex (Sjj) 


13.00 


1 


13.00 


< 1.00 




Grade (0) 


197.21 


2 


9S.60 


6.54 


.01 


Sv X 0 


159.50 


2 


79.75 


5.29 


.01 


Ss/OS 


1.718.62 


114 


15.08 






Repeated Measures 


(RM) 34.61 


3 


11.54 


2.44 




QS X HM 


84.81 


15 


6.32 


1.34 




Ss/OS X m 


1,614.33 


342 


4.72 






Grand Mean 


25,974.82 


1 








Total 


29.807.00 


480 









variance were statistically significant, both at the .01 level. These were 
the grade level differences and the sex by gr^de level interaction. There 
was not a statistically significant difference between the males and fe- 
males nor betv/een the repeated measures—in this Instance cor,sisting of 
differences between exemplar and ns^aexemplar presentation. 

Table 2 presents a further analysis of the significant differences 

TABLE 2 

Ksan Scores Grades Seven, Eight, and Nine and Duncan’s Range 

From Scores Based on Exe' plar-Konexemplar Stimulus Presentation 
of the Information Processing Tasks 



Grade 7 



Grade 8 



Grade 9 



Duncan’s Range 



27. 



2C.00 



33.02 



3.48 
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among the grades* Duncan’s Multiple ’^^nge was G.48 in this instance^ 
indl^^ting that the statistically significant difference resulted because 
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the 7th and 8th grades were not statistically, significantly different 
from each othero The mean fcr the 7th grade was 27*25, for the 8th grade 
28.00, and for the Sth grade 33.02. These data suggest that there is an 
increase in the ability t ' "■'"ocess Information of the type involved in 
these tasks across those grade levels with the larger change occurring 
between the 8th and Sth grades. These findings are consistent with the 
theoretical formulation by Inhelder and Piaget; namely, that analytic- 
type thinking has its beginning at about the onset of adolescence and 
increases rapidly during the next several years. They found specifically 
t.iat little analytic-type activity occurred prior to age 12 and a great 
deal was being used by age 16. 

Table 3 indicates differential rate of development of ability to 

TABLE 3 

Mean Scores for Interaction of Grade by Sex and Duncan’s Range 
Prom Scores Based on Exemplar-Nonexemplar Stimulus Presentation 
of the Information Processing Tasks 



1 


Grade 7 


Grade 8 


Grade 9 Duncan's Range 


1 Males 


24.85 


30.60 


30j85 










m Females 

1 


29.65 


25.40 


35.20 



perform the analytic-type tasks for males and females. Seventh grade 
males were significantly less efficient than were 8th and 9th grade males 
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and Sth 2^?ads- f©inale&, Saventfc grade lernalos were significantly 
ieso^ efficient than 9th grade females^ Eighth' grade females were 
significantly less efficient than 9th grade females and 

rxlocv y/hile it can be concluded that there is a differential rate of 
deveiopmeno of analytic ability in males and females of the grades studied, 
the compleKity of the interaction suggests that addtional information 
is needed. 

Table 4 is another analysis performed on the scores of the informa- 
tion processing tasks. In this instance, however, the response options 

TABLE 4 

Analysis of Variance of Scores Based on Response Options 
of the Information Processing Tasks 



Source 


ss 


df 


MS 


F 


Level of Signi- 












ficance 


Organismic Strata 


(OS) 4S2.9B 


5 


98.60 


4.80 


.01 


Ss/OS 


2,2£0.97 


114 


20,60 






Response Options 


(RO) 1,304.22 


2 


652.11 


50.79 


.01 


Os X RO 


SO. 88 


10 


8.09 


< 1.00 




Ss/OS X RO 


2,926.73 


228 


12.84 






Grand Mean 


34,633.22 


1 








Total 


41,729.00 


360 









were of a different type. It will be recalled from Fi& 4 that three 
responses were possible to the items which had been presented in exemplar 
and nonexemplar form. First, a card could be indeterminant in nature, 
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i. e» , there would be an insufficient amount of information presented 
for a S to specify either the inclusion or the exclusion of the test card 
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could require that the test card would be definitely another exemplar. 
Finally, the information presented to the S could be such that the test 
card was to be definitely excluded from the conceptual category. In 
Table 1 the repeated measures of stimulus presentation were not found 
to be statistically significant from each other. Here, however, on the 
basis of response options the difference was statistically significant 
beyond the .01 level. 

Table 5 presents che means for the three response options and 
Duncan’s Range, There was a statistically significant difference between 

TABLE 5 

Mean Scores For Response Options and Duncan’s Range From Scores 
Based on Response Options of the Information Processing Tasks 





Response Options 




Duncan’s Range 


Yes 


No 


Can’t Tell 






11.78 


10.42 


7.23 




3,42 



•items of which the response options were indeterminant and those items in 



which enough information had been presented in order for Ss to determine 
conclusively the inclusion of the test card in the conceptual category. 
The mean score for items in which the test card whs also an exemplar of 
the concept was llo78» The mean score for items in which the test card 
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was definitely a nonexemplar was 10,42. These were not sisnificantls^ 

different from each other, which is in agreement with the conclusion 

based on evi^mnlAv A %• n 4* 4 ^ L _ A • _ - 

^ OV4.WM4.UO pr^jieiii.aT;ic?n# xiems for which 

membership was indeterminant had as their mean 7,23, This was signifi- 
cantly different from the "yes” but not the "no” response option. 

Concept Attainment Tasks. Table 6 presents the results of the 
analysis of variance of time-to-criterion scores with the four separate 

TABLE 6 

Analysis of Variance of Time-to-Criterion Scores With Four Problems 
as the Repeated Measure of the Concept Attainment Data 



Source 


SS 


df 


MS 


F 


Level of 
Significance 


Sex (S) 


15*80 


1 


15,80 


1*40 




Grade (G) 


95*44 


2 


47*77 


4*22 


*05 


S X G 


10*13 


2 


5*07 


Cl *00 




Ss/Treatments 


1,290*19 


114 


11*32 






Repeated Measures 


(RM) 533*33 


3 


184.44 


22,33 


.01 


T X RM 


50*24 


15 


3,35 


<1.00 




Ss/T X RM 


2,823*22 


342 


8*26 






Grand Mean 


5,647.77 


1 








Total 


10,486.11 


480 









problems as the repeated measures. Two sources of variance were found to 
be significantly different. First, there was a statistically significant 
difference among the grades; and second, there was a statistically signi- 
ficant difference among the repeated measures. The interactions of the 
organismic strata or treatments, i. e., grade, sex, and grade by sox. 
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and these repeated measures were not significant. This is reasonable be~ 
cause nothing should he found in the interaction except that which is the 
function of random assignment. 

Table 7 presents the mean time-to-criterion scores for grades 
seven, eight, and nine and Duncan's Range. It will be noted that a 

TABLE 7 

Mean Scores for Grades Seven, Eight, and Nine and Duncan's Range 
from Time-tc-Criterion Scores for the Concept Attainment Tasks 



Grade 7 


Grade 8 


Grade 9 


Duncan's Range 


4.02 


3.32 


2.95 


.80 



significant difference exists between grades seven and nine. It is again 
concluded that a gradual increase in performance occurred from grade 
seven to grade nine with a larger but not statistically significant 
change occurring between seven and eight. The fact that the significant 
difference occurred at an earlier age than the Infoi'mation processing 
difference suggests that perhaps this task is ontogenetically easier 
than information processing. 

Table 8 presents the mean scores for the four problems. The mean 

TABLr: 8 

Mean Tirae-to-Criterion Scores for Four Problem Presentations 

Based on Concept Attainment Tasks 



i!xemplar I 


Exemplar 11 


Nonexemplar I 


Nonexemplar II 


2.86 


2.18 


5.07 


3.62 
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time for Exemplar Problem Cfeie was 2.86. The mean for Exemplar Problem 

/ 

Two, 1. e., the second problem In which the presentation was made 
through the exempla/"mode, was 2.18. When these problems were pre- 
sented through an exemplar focus card and nonexemplar instances, the 
mean time-to-criterion was 5*07 for Problem One and 3.62 for Problem 
Two. Because these repeated measures were factorially arranged, a 
further breakdown of the repeated measures was made to determine the 
nature of the significant differences using appro; riate error terms. 

Table 9 presents this further breakdov/n of the three sources of 

TABLE 9 

Analysis of Variance of Time=to=Cr iter ion Scores for Repeated 
Measures of Problems, Exemplars^ and Problems by Exemplar 
Interaction for the Concept Attainment Tasks 



Source 


SS 


df 


MS 


P Level of Signi- 

ficance 


Exemplar <E) 


399.31 


3 


399.31 


69.8964 


b 


S/T X B 


671.27 


114 


5.89 






Problem (P> 


135.69 


1 


135.69 


15.1439 


.01 


S/T X P 


1,022.09 


114 


3.96 






E X P 


17.73 


1 


17.73 


1.7909 




S/ T X E X P 


1,128.85 


114 


9. SO 







variance. Two were stevlsrically slgnificaiit. The* effect of the 
exemplar-nonexesplar dichotomy was significant, and the difference 
between Problem One and Problem Two was significant. It will be remem- 
bered that Problem One and Problem Two do not refer to the order of 
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presentation. Rather, they refer to the two problems that were used and 
presented through exemplar- nonsxeraplar instancer. The interaction of 
exemplar by problem was not significant. This is a reasonable finding 
because nothing should be in this interaction that was not a function of 
random assignment of the problems to the various ordinal positions. 

Table 10 presents the mean time-to-criterion scores for exemplar and 

TABLE 10 

Mean Times for Exemplar and Nonexemplar Presentations from 
Repeated Measures of Problems by Exemplar-Nonexemplar 
Interaction in the Concept Attainment Analysis 



! 


Exemplar 




Nonexemplar 


1 _ 


2.32 




4.34 



nonexemplar modes. The mean time for the exemplar problems was 2.52 
minutes. For the nonexemplar problems the mean time was 4.34 minutes. 
Table 11 shows the mean time-to-criterion scores for Problem One and 
Problem Two, The means were 3,96 and 2.90 minutes, respectively. 

TABLE 11 

Mean Times for Problem One and Problem Two From Repeated Measures 
of Problems by Exemplar-Nonexeraplar Interaction in the 

Concept Attainment Analysis 





Problem II 


3.96 


2.90 
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attainment problems with ordinal position as the repeated measure. In 

TABLE 12 

Analysis of Variance of Time Scores for Concept Attainment 
Problems with Ordinal Position as the Repeated Measure 



Source 


SS 


df 


MS 


F 


Level of Significance 


Sex (S) 


15.80 


1 


15.80 


1.40 




Grade (G) 


95.45 


2 


47.77 


4.22 


.05 


S X G 


10.13 


2 


5.06 


is.1.00 




Ss/Treatments 


1,291.09 


114 


11.32 






Ordinal Posit; 


Lon 291.03 


3 


97.01 


10.36 


.01 


(OP) 












T X OP 


106.88 


15 


7.12<1.00 




Ss/Treatments 












X OP 


3,027.96 


342 


8.85 






Grand Mean 


5,647.77 


1 








Total 


10,486.11 


480 









the design the four problems had been randomly "assigned to the various 
ordinal positions; and hencOi it was possible to examine these data on 
the basis of the Problem and exemplar-nonexemplar presentation of the 
problem; or it was possible to examine the ordinal position effect 
which was a random presentation of the data that had gone into the 
problem analysis. The total time for each S for all four problems 

V ** 

remained exactly the same; and hence, the first portion of the analysis 
results in Identical F~ratios for grade, sex, and the sex by grade 
interaction. What was different about the analysis was the ordinal 
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position as a repeated measure in ccisparison to the factorial presen- 
tation of two problems presented through exemplar and nonexemplar instances. 
Following the random assignment of problems to ordinal position the dai;a 
v/ere not in a factorial arrangement. The four ordinal positions with 
the corresponding three degrees of freedom were analyzed as independent- 
tout repeated— measures , This effect resulted in a significant F-ratio 
of 1G.96» thus indicating that learning how to obtain concepts occurred 
across the ordinal positions from the first to the fourth. The interaction 
of the treatments! i. e., grade^ sbx , and their interaction and the 
ordinal positions was not significant. 

Table 13 presents the mean times for concept attainment problems 
with ordinal position as the repeated measure and the Duncan's Range 

TABLE 13 

Mean Times for Concept Attainment Problems with Ordinal 
Position as the Repeated Measure and Duncan's Range 



Ordinal 


Ordinal 


Ordinal 


Ordinal 


Duncan's Range 


Position 1 


Position 2 


Position 3 


Position 4 




4.38 


3.^7 


2.94 


2.43 


.82 



which corresponds to these data. It will be noted that a significant 
difference occurred between Ordinal Position Two and Ordinal Position 
Three. There was not a significant difference between Ordinal Position 
One and Two nor 'between Ordinal Position Three and Four, This finding 
is in agreement with what v/as found by Meinke (1065). 
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Factor Analyses « Several results will be presented in this section* 
First, various psychometric factors will be reported* Since two factor 
analytic procedures— Alpha Factor Analysis and Incomplete Image Analysis— 
were used, their results will be presented according to these distinct 
groupings. Because of dependencies that existed between the information 
processing tests, arranged by type of presentation (exemplar~nonexemplar) 
and then rearranged by response option (yes, no, can't tell), separate 
factor analyses for these arrangements a required* Ihe results of each 
will be presented separately* 

Psychometric considerations* As described earlier^ four curricular 
areas— mathematics, reading, social studies, and science— were originally 
hypothesized as being related to information processing and concept 
attainment. Thirty achievement tests representing these broad areas 
were originally administered* Sixteen achievement tests representing 
five areas were finally selected for analysis subsequent to the examina- 
tion of the total matrix of interccrrelations presented in Appendix IV, 

The fifth curricular area that appeared as a relatively distinct cluster 
was spelling. Table 14 presents reliability estimates for each of the 
sixteen achievement tests* 

Table 15 presents KR - 21 Internal consistency coefficient for each 
of four information processing subtests arranged by type of information* 
These were computed from the data of the 120 Ss participating In this 
study. 

Table 16 presents KR - 21 internal consistency coefficients for 
each of six information processing subtests arranged by response option, 
using the 120 Ss participating In this investigation. 
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TABLE 14 

Reliability Estimate for Sixteen Achievement Tests 



Curricular Area 






Test Reliability Estimates* 



Mathematics 


SRA Arith, Concepts 


,79 


- 


.82 




Stanford Arith, Concepts 


,82 




,87 




Stanford Arith, Application 


,77 




,81 




California Arith, Reasoning 






.84 


Reading 


SRA - Reading Vocabulary 


,83 




,89 




Stanford - Paragraph Meaning ~ 


,93 


- 


.94 




SRA ** Reading Comprehension 


,85 




.87 


Social Studies 


SRA » Refexenees 


,80 


«• 


.83 




SRA » Charts 






iS5 




STEP - Social Studies I 






.91 


Spelling 


Stanford - Spelling 


,91 




.94 




SRA - Spelling 


,81 


- 


.83 




California - Spelling 






♦ 83 


Science 


Stanford - Science 






,90 




STEP - Science I 


» 88 


mm 


.90 




STEP - Science II 


,88 


- 


.80 



* The range of reliability coefficients are reported among grades 
It 8, and 9 except where only single coefficients were reported by the 
test publishers. 



TABLE 15 



Reliability Estimates for Four Information Processing 
Subtests Arranged by Type of Information 



Subtest 


Type of Information Number 


of Items 


*^tt 


1 


Exemplar 


15 


.65 


2 


Nonexemplar 


15 


.40 


3 


Exemplar 


15 


.60 


4 


Exemplar & Nonexemplar 


15 


,50 
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Reliability Estimate for Six Information Processing 
Snbtests Arranged by Type of Response 



Subtest 


Type of Response 


Number of Items 


»tt 


1 


Yes 


10 


• 65 


1 


No 


10 


.42 


1 


Can’t Tell 


10 


.60 


2 


Yes 


10 


.61 


2 


No 


10 


.61 


2 


Can't Tell 


10 


.58 


Table 17 presents the means 


and standard deviations 


for the 16 



achievement tests finally selected for the factor analyses and the 14 
information processing and concept attainment tests used for the 
respective analyses* 

Alpha Factor Analysis of the achievement, concept attainment, and 
information processing of exempIar*nonexempIar presentation* Table 18 
presents the 24 x 4 derived factor matrix rotated to the independent 
cluster solution of the Harrls-Eaiser (1964> criterion. The associated 
matrix of intercorrelations from which the factors were educed is 
presented in Appendix V. The percent of common variance associated 
with Factors I through IV was 38.32, 26.91, 13*10, and 21.66, respectively. 
The factors, their larger loadings and descriptions follow: 



General Achievement Factor 


Loadings 


SRA - Spelling 


.98 


Stanford - Paragraph Meaning 


.94 


Stanford - Spelling 


.92 
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TABLS 17 




l^eans and Standarrl Deviations for Tbirty Variables 
!/sed in the Alpha Factor Analyses 




Test 



Mean Standard 
Deviation 



1* 


Presentation of Exemplars (Subtest 


I) 


7*02 


3*27 


2. 


Presentation of Konexemplars (Subtest Z) 


7.24 


2.49 


3. 


Presentation of Exemplars (Subtest 


n> 


7.53 


3.08 


4« 


Presentation of Konexemplars (Subtest II) 


7.07 


2.73 


S. 


Exemplar Problem I 




2.85 


2.67 


8 . 


Exemplar Problem IZ 




2.17 


2.35 


7. 


Nonexemplar Problem Z 




5.06 


3.58 


8 « 


Konexemplar Problem II 




3.61 


3,24 


8 . 


Stanford - Arithmetic Application 




15.40 


6.64 


10. 


California - Arithmetic Reasoning 




35.05 


9.57 


11. 


Stanford <• Arithmetic Concepts 




21.73 


8.56 


12. 


SRA • Arithmetic Concepts 




18.44 


6.39 


13. 


SRA • Reading Vocabulary 




27.28 


11.59 


14. 


Stanford - Spelling 




31.85 


12.49 


15. 


California - Spelling 




18.61 


6.69 


16. 


SRA - Spelling 




21.26 


7.50 


17, 


Stanford <- Paragraph Ueanlng 




33.31 


12.96 


18. 


SRA Reading .Comprehension 




25.22 


10.89 


19. 


SRA • References 




29.18 


7.80 


20. 


SRA - (Diarts 




24.11 


10.57 


21. 


STEP - Social Studies I 




20.88 


8.40 


22. 


Stanford » Science 




3lc61 


11.79 


23. 


STEP “ Science Z 




16.19 


5.95 


24. 


STEP -* Science II 




14,28 


6.87 


25, 


Response ?es - Subtest Z 




5.44 


2.65 


26. 


Response No - Subtest I 




4.47 


2.09 


27. 


Response Can't Tell Subtest Z 




4.27 


2.48 


28. 


Response Yes - Subtest IZ 




6.08 


2.47 


29. 


Response No ■* Subtest !! 




5.80 


2.50 


30. 


Response Can't Tell Subtest II 




3.11 


2.25 



Factor I: General Achievement Factor (cont«) Loadings 

SRA ” Reading Comprehension .00 

SRA » Reading Vocabulary .89 

California - Spelling .88 
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TABLE IS 

Berivad Paetora of a-B^, Alpha Solution, Har»-^ ^-Kaiser 
Oblique Xndepei dent Cluster Criterion 






Test 




I 


XI 


II! 


IV** 


1. 


Presentation of Exemplars (Subtest 


n 


.06 


i80* 


.09 


•09 


2« 


Presentation of Nonexemplars (Subtest I) 


0.24 


«60* 


-.22 


-.17 


3. 


Presentation of Exemplars (Sabtest 


n> 


.11 


.,71* 


.11 


.19 


4, 


Presentation of Nonexempiers ( Sabtest II) 


.07 


.51* 


-.07 


-.15 




Exemplar Problem 2 




.06 


.02 


.17 


.70* 


6, 


Exemplar Problem 11 




13 


-.06 


-.35* 


.13 


7, 


Nonexempiar Problem I 




-.02 


.06 


.34* 


.14 


S« 


Nonexemplar Problem IX 




.23 


.05 


-.24 


.67* 


9. 


Stanford « Arithmetic Application 




.62*!> 


.23 


.02 


-.11 


10. 


CaXifomia - Arithmetic Reasoning 




«53* 


.21 


-.01 


-.23 


11. 


Stanford - Arithmetic Concepts 




.68* 


.06 


-.04 


-.20 


12« 


SRA - Arithmetic Concepts 




,SS« 


.12 


-.06 


-.22 


13. 


SRA - Reading Vocabulary 




.89’?' 


-.12 


-.06 


-.10 


14. 


Stanford •= Spelling 




.92* 


-.24 


-.09 


-.01 


15. 


California • Spelling 




.88*^ 


-.24 


-.19 


-.03 


16. 


SRA « Spelling 




,98* 


-.28 


-.06 


-.03 


17. 


Stanford - Paragraph Meaning 




,24* 


-.04 


,03 


-.03 


18. 


SRA - Reading Comprehension 




.90* 


-.01 


.08 


-.00 


19. 


SRA ~ References 




,86* 


•00 


,01 


-.05 


20. 


SRA » Charts 




,V4* 


-.01 


.03 


-.23 


21. 


STEP “ Social Studies I 




• 84* 


.n 


.06 


.09 


22, 


Stanford " Science 




,80* 


.16 


.01 


,06 


23. 


STEP - Science I 




,86* 


.13 


.07 


.14 


24. 


STEP "• Science II 




.84* 


«14 


.01 


.15 



♦ Loadl^ijs contributing to the identification of factors 
♦♦ Ref lee tec! 

Factor I: General Achievement Factor <cont.) Ijoadings 



STEP - Science 1 ,86 
SRA - RefereEces ,S8 
STEP - Science II ,84 
STEP - Social Studies I ,84 
Stanford - Science ,80 
SRA - Charts ,74 
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Factor l\* Ceaeral Achievement Factor (coats) Loadings 
Stanford * Arithmetic Concepts .68 

Stanford • Arithmetic Application .62 

3HA » Arithmetic Concepts .59 

California >* Arithmetic Reasoning ,53 



This factor is clearly a general factor associated with all of the 
achievement tests; reading comprehension and spelling tests are the 

2 

most representative of the factor* Tiie Alpha solution, rescaling R-U 
in the metric of the common parts, is typically a fe^ factor solution. 
It will be seen later that Incomplete Imv^ge Analysis, typically a 
many factor solution, breaks this general factor into several common 



curricular factors. 

Factor IX: Information Processing of 

Sxemplar*NoneKemplar Presentations loadings 

Presentation of Exemplars ^1 «80 

Presentation of Exemplars .71 

Presentation of Exemplar<« 

Nonexemplar ffl .60 

Presentation of Exemplar-* 

Nonexemplar 02 ,51 



This is an information processing factor representing the items arranged 
by type of information in the stimulus-material presentation. 



Factor III: Concept Attainment I loadings 

Exemplar Information 02 .35 

Exemplar-Nonexemplar 

Information 01 -,34 

Factor IV; Concept Attainment II 

Exemplar Information ^1 .70 

Sxemplar-Nonexemplar 

Information 02 ,67 




Both of the concept v^ttainment factors are group factors repreaentiag the 
concept attainment performances. 

* «»w* * act vc7vxa%c7 va«^ a *7 (UC4 WA ^ 

correlations of the Alpha Factors. It is from this matrix that the 

TABLE 19 

Matrix of Intercorrelations of Four Alpha Factors 







X IX 111 


IV 




General Achievement 


I 


1.00 .60 .18 


.65 




Information Processing of 
Presented Information 


n 


1.00 .11 


.54 




Concept Attainment X 


m 


1.00 


.11 




Concept Attainment II 


XV 




1,00 





relationship of concept attainment, information processing of exemplar*- 
nonexemplar presentation, and school achievement is suggested. A high 
degree of correlation can be seen to exist between the General Achieve- 
ment Factor and the well defined Information Processing Factor of 

\ 

exemplar-nenexemplar presentation, and Concept Attainment 11 Factors. 
Concept Attainment Z is a less well defined factor (low loadings) and 
is not highly related to the (^neral Achievement Factor. 

Alpha Factor Analysis of the achievement and information processing 
of response options scores. Table 20 presents the 22 x 3 factor matrix 
rotated to the independent cluster solution of the Harris-Kaiser (1864) 
criterion. The associated matrix of test intercortelations, from which 
the three Alpha Factors were educed, is presented in Appendix V!. The 
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TABLE 20 

Derived Factors of R-U^, Alpha Solution, 
Harrls-Kalser Oblique 
Independent Cluster Criterion 





Test 


I 


II 


ni 


1. 


Response Yes 


-.11 


-.09 


,85* 


2. 


Response No ffl 


.01 


— . 32* 


,20 


3. 


Response Can't Tell j?fl 


-.18 


.70* 


.58* 


4, 


Response Yes ^2 


-.13 


.07 


.62* 


5. 


Response No ^2 


-.11 


-.72* 


.63* 


6. 


Response Can't Tell ff2 


.10 


.43* 


.34 


7. 


Stanford *■ Arithmetic Application 


.51 


-.04 


.40* 


8, 


California •• Arithmetic Reasoning 


.45 


.01 


.47* 


9. 


Stanford - Arithmetic Concepts 


,67 


.02 


.23 


10. 


SRA - Arithmetic Concepts 


.61 


• 03 


,28 


11. 


SRA - Reading Vocabulary 


.97* 


-.06 


-.09 


12. 


Stanford - Spelling 


1,00* 


.02 


-.28 


13. 


California Spelling 


.96* 


“.01 


-. 28 


14, 


SRA - Spelling 


1.00* 


.00 


-.34 


15. 


Stanford - Paragraph Meaning 


.90* 


.04 


.03 


IS. 


SRA - Reading Comprehension 


.86* 


-.01 


.04 


17. 


SRA - References 


.83* 


-.04 


.08 


18. 


SRA - Charts 


.80* 


.07 


.12 


19. 


SlEP - Social Studies I 


.71 


-.04 


.16 


20. 


Stanford - Science 


.71 


-.08 


.19 


21. 


STEP - Science I 


.75 


.10 


.10 


22. 


STEP - Science II 


.74 


.00 


.10 



* Loadings contributing to the identification of factors 
percent of common variance associated with Factors I, II, and III was 
41,23, 28,60, and 30,17, respectively. The factors, their major 



loadings and descriptions follow: 

Factor I; Language Arts Loadings 

SRA « Spelling 1,00 

Stanford - Spelling i.oo 

SRA - Reading Vocabulary ,97 
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F^tor t: Language ArtB <cont.) 

CallxGFiiia ~ Spelling 



Loadings 



% 



Stanford • Paragraph Meaning 
SRA - Heading Comprehension 



SHA * References 



SEA -> Charts 



»I 3 



oSO 

.S6 

.83 

.80 



This is an achievement factor with the largest loadings represented by 



the language arts tests. 

Factor Z2: Information Processing - 

No, Caa*t Tell 



Loadings 



Response No ff2 -.72 

Response No //I -.32 

Response Can’t Tell ff2 .43 

Response Can’t Tell //I .70 

This is a psychologically interesting bl-polar factor representing "no 

and "can't tell" responses to the information processing tests. 

Factor III: Information Processing of Response 

Options - Arithmetic 






Response Yes ffl 

Response No #2 

Response Yes ^f2 

Response Can’t Tell ^1 

California - Arithmetic Reasoning 

Stanford - Arithmetic Application 



.85 

.63 

.62 

.58 

.47 

.40 



Ihls seems to be a factor representing both the information processing 
and arithmetic tests. It was the single bit of Information indicating 
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a dit;(erenti&l relationship between the curricular areas £tnd concept 
learnlnj that appeared in the Alpha Factor Analyses* 

Factor relationships. Table 21 presents the 3 s 3 matrix of inter- 
correlations of the three Alpha Factors. It Is from this matrix that the 

TA6L£ 21 

Matrix of Intercorrelations of Three Alpha Factors 



n 



m 



Language Arts 


Z 


1.00 


.01 


.73 


Information Processing: 
No-Can 't Tell 


11 




1.00 


.01 


Information Processing: 


m 






l.OO 



Response Options - Arithmetic 




relationship, between information processing of response option scores 
and school achievement is suggested. A high degree of relationship^ 

.73, can be seen to exist between the Language Arts Factor (reading, 
spelling, and social studies) and the information processing instances 
arranged by positive response option. The instance arranged by "no” and 
”can»t ten” response options are not highly related to the Language 
Arts Factor. 

Incomplete Image Analysis of the achievement, concept attainment, 
and information processing of exemplar-nonexemplar presentation. There 
were two factor analytic models used in the study; namely. Alpha 
Factor Analysis and Incomplete Image Analysis. Alpha Factor Analysis, 
typically a few factor solution, produced the general achievement factor 
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and several factors representing the concept attainment and information 
processlag teste reported In the previous section* Incomplete Image 
Analysis i typically a many factor solution^ is presented in this section* 

The purpose of this additional analysis was to attempt to differentiate the 
general achievement factor into the hypothesized curricular areas and to 
examine their relation to information processing and concept attainment* 
Table 22 presents the 24 x 14 derived factors of R-S , Incomplete Image 
solution* rotated to the independent cluster solution of the Harris- 
Kaiser (1964) oblique criterion* Hie associated matrix of in terser r« la ti<ms 
is presented in Appendix V. The factors* their larger loadings* and 



descriptions follow: 

Factor 1: Mathematics I Loadings 

Stanford > Arithmetic Application *87 

California •* Arithmetic Reasoning .43 

Stanford - Arithmetic Concepts .43 

Factor II: Spelling 

Stanford Spelling 1.00 

California - Spelling .65 

SRA - Language Arts (Spelling) .77 

Factor III: Reading 

SRA - Reading Comprehension 1,00 

SRA - Reading Vocabulary .88 

Stanford - Paragraph Meaning .38 
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Pate tor IV: Information Processing - 

Negative Information 



Presentation of Nonexemplars 
(Subtest I) 



Presentation ox Nbnexemplars 
(subtest n) 



Factor V: Science 



STEP - Science I 



STEP - Science II 



Factor VI: Matnematics II 



SNA - Arithmetic Concepts 



California - Arithmetic Reasoning 



Factor VIZ: Information Processing - 

Positive Information 



Presentation of Exemplars 
(Subtest ID 



Presentation of Exemplars 
(Subtest I) 



Factors VIII - IX: Uninterpreted 



Factor X: Concept Attainment - 

Exemplar Presentation 



Exemplar Problem I 



Nonexemplar Problem I! 



Factors XI *• XIV: Uninterpreted 



Loading^ 

«60 



.34 



.85 



.72 



.88 

.56 



.91 



.76 



1.00 



.35 
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Table 23 presents the matrix of factor Intercorrelations for the first 



10 Incomplete Image Factors. It is from this matrix that the relationship 
of curricular area, concept attainment, and Information processing of 
presented information is suggested. In this matrix it can be seen that 



there exists a generally blgl^ positive relationship between the curricular 



|ERJC k . 













i-i»wi^iini<r'iTiiiii 





41. 









63 

and concept learning factors. Information :>rocessirg and concept attais- 
ment tests represented by osiemplar instances had the highest reiat^'-iships 

%y jb vu vu^ V OA' j,\#u0 w j» wuje> oa' M'vae :> 

Incomplete Image Analysis of the achie\^s^nt and the information 
processing of response option scores. Table 24 presents the 22 n 12 
factor matrix of R-S^^ Incomplete Image Solution, rotating to the inde- 
pendent cluster soluti^ of the Harris-Rsiser <1964) criterion. The 
associated matrix of test intercorrelatlous, from which the Image Factors 
were educed, is presented in Appendix VI. The factors, their major load- 
ings, and descriptions follow: 

Factor I: Common Achievement Loadii^s 






Stanford - Arithmetic Concepts 


.96 




SRA - Charts 


,86 




STEP - Social Studies I 


.49 




Stanford - Paragraph Meaning 


.28 




SRA. - References 


.25 


This appears to 


be an achievement factor common to 


the areas of 


studies and mathematics. 




Factor .11: 


Uninterpreted 




Fjaptor nx: 


Information Processing; Response 
Option, "can’t tell" 


Loadings 




Response Can’t Tell ffl 


.77 




Response Can't Tell #2 


CO 
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Factor IV: 


Reading 


• 




♦V 

SRA - Reading Comprehension 


1.00 




SRA - Readily Vocabulary 


.92 




Stanford - Paragraph Meaning 


.49 
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Factor V; lofonnatioa Proce«siag: Hosponse 

Option, "yes** 



Response 7es f}2 



Response 7es 



Factor Vis Science 



STEP - Science II 



STEP - Science I 



Factor VII: Information Processing: Response 

Option, **no** 



Response No #7. 



Response No H2 



Factor VIII: Uninterpreted 

Factor IX: Mathematics 



SRA - Arithinetic Concepts 



California - Arithmetic Reasoning 
Factor X: Uninterpreted 



Factor XI: Spelling 



Stanford - Spelling 



California - Spelling 

SRA - language Arts III (Spelling) 



Factor XIX: Uhinterpyoted 






O 






.83 

,8G 



.93 

,90 



.66 

,22 



,90 



.69 



.91 



,24 

.23 
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Table 25 presents the 12 12 matrix of factor intercorrelations for 



the 12 Incomplete linage Factors, In this analysis the information processing 
instances were arranged by response option and three factors representing 
the three decisions were identified. It can be seen that though modest 
relationships generally existed between the information processing tests and 
the various curricular areas, the factor of "yes" response options resulted 
in correlations equal to or in excess of o70 with all of the curricular 
factors except spelling. 



















Ttbie 26 presents a suMsery of the relationship of the ourricular 
faetora and the ooneept lesraiog fsetors for the tvo Incoeplete Zaage 
Analyses. It will be recalled that the Incomplete !aage Analyses were 
iinder taken in order to break the general achievement factors into their 
respective subject areas. Table 2c indicated that both of the Xsocsplete 
Image Analyses did this quite well. The table further shows a generally 
higher relationship between the five curricular factors and concept 
atiaioiavat Of esospXar type isfor«&tsos and iufossatiori processing ox 
exenplar type infomat ion. It should be noted, however, that the 
Ifonexemplar Information Processing Factor, the Inforaation processing 
of Response Option— and the Information Processing of Response 
Option— *^€an* t Tell** Factor also correlated significantly, but to a 
lesser degree, with certain of the curricular factors. 
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CONCLUSIONS AND DISCUSSION 

The organization of this Conclusions and Discussion chapter con- 
forms to the order of the Results chapter. The questions under 
examination in the study are presented separately except that the 
two questions regarding factor analyses are again considered in a 
combined section. 

1. What are the effects of the following variables upon informa- 
tion processing in concept attainment tasks: (a) grade level — seventh 

eighth, and ninth; (b) sex; (c) exemplar or nonexemplar stimulus 
presentation; and (d) exemplar, nonexemplar, or indeterminant response 
options? 

Grade Level. From the results of the information processing data, 
it is concluded that a significant difference exists in the ability of 
junior high school youngsters to do problems of the type represented 
by the Information Processing Test. Whether this difference results 
because of gradual development or because of ontogenetic stages is not 
clear. The statistically significant difference in this study re- 
sulted because the ninth grade Ss were more efficient than seventh 
and eighth grade Ss. Supportive of the ’’stage" hypothesis is the 
fact that the seventh and eighth grade Ss were not significantly 
different from each other. However, the means of the three grade 
levels indicated continuous improvement, thus suggesting the correct- 
ness of a continuous development explanation. Proof of the stage- 
development hierarchy could be accepted if youngsters prior to a 
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particular chronological or mental age were not able to and subsequently 
were able to do a task* Evidence of this type was not forthcoming from 



information processing items are of appropriate difficulty for junior 
high school youngsters and (2) if developmental stages were to be 
identifiedi the information processing tasks would have to be admin* 
istered to younger Ss who may not be able to perform analytic-type 
thought as required in these tasks* Ss in this study were of ages in 
which analytic-type thinking is present according to Inhelder and Piaget 
(1958). As such, the scores were appropriate for the factor-analytic 
part of this study* 

8ex* In the present study sex differences were not evident in 
the Information processing tasks* This concurs with what is usually 
found in concept learning studies using older Ss* There was, however, 
an Interaction of grade and sex* This interaction was quite compli- 
cated, but it seemed that there may have been a retarded development 
in the males at the younger age* 

Exemplar vs* Nonexemplar Information Processing* Ss in the present 
study processed exemplar and nonexemplar Information equally well^ and 
hence, It is concluded that these types of instances are of equal 
difficulty* When ambiguity was introduced into the information 
processing, however, as when the response option to items was 
Indeterminant, it was found that Ss did less well than with exemplar 
presentation* This suggests that the results of other research- 
such as the article by Smoke (1932) and the concept attainment 
section of this study where exemplar information was found to most 
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readily facilitate concept attainment— occurred because the informational 
presentation of the stimulus material was ambiguous to the Ss. The 
present findings are a replication of the results reported by Tagatz 








(1863) and Tagatz and Meinke (1968) of a similar information processing 
experiment. 

2» What are the effects of the following variables upon concept 
attainment: (a) grade level— seventh, eighth, and ninth; (b) sex; 

and (c) exemplar or nonexemplar stimulus presentation? 

Grade Level. It is concluded that there is a statistically signi- 
ficant difference among Ss in junior high school grade in ability to 
attain concepts imbedded in dichotomously dimens ionalized stimulus 
materials. Unlike the information processing analysis, the minimum 
statistically significant difference in the concept attainment prob- 
lems occurred between grade seven and grade eight. Again, however, 
an examination of the mean time-to-criterion scores indicated that 
there is a gradual increment in performance from grade seven to 
grade nine, thus supporting a gradual development hypothesis for 
youngsters of the junior high level. 

Sex. The results of the analysis of time-to-criterio:i scores 
for the concept attainment problems indicates that the sex of a 
person does not influence ability to attain concepts of the type 
represented by the problems of this study. Additionally, in this 
analysis sex did not interact with any of the other main effects in 
the analysis. This finding then concurs with what is us Ay "ound 
in concept learning studies. Specifically, this finding is in agree- 
merit with Nelson (1958) (1960) who worked with younger children in the 
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Intermediate grades and with both Tagatz (1963) and Meinke (1966) who 
worked with older Ss 

Exemplar or wonexempiar stimulus Presentation, From the analysis 
of the mean time-to-criterion scores for the exemplai:* and nonexemplar 
stimulus presentation, it is concluded that Ss of the ^Junior high 
level find exemplar Instances less difficult than instances where 
nonexemplars are presented in addition to an exemplar focus card. In 
the construction of the problems used in the present study, care was 
taken to equate the information yield of the exemplar and nonexemplar 
problems just as the information yield of the items in the Information 
Processing Test were also equated. In the Information Processing Test, 
no statistically significant difference was found* Pe**®, however, one 
was present. It will be reraeml/ered that when ambiguity was introduced 
into the information processing situation, significant differences did 
result. It seems, therefore, that many Ss in the concept attainment 
tasks were not seeing the definitive nature of the stimulus pre- 
sentation in a nonexemplar situation, i, e,, it appears that the 
situation may have been ambiguous for thara. This ambiguity may have 
resulted because Ss perceived the relationship of inter-card differences 
to the delineation of a concept less efjiiciently than they did inter- 
card commonality. Instructional procedures can be developed to 
clarify for each S the ambiguity of the nonexemplar situation and also 
the Indeterminant situation in information processing. It seems likely 
that much could be learned about instructions for specific academic 
subjects by carefully examining the effects of a variety of instructions 
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an fabricated materials as were used in the concept attainment tasks of 
this study. This should be especially true for subject (curricular) 
areas highly relalied to the specific concept attainment task used. 

This would provide for researchers the rigorous experimental control 
which is often lacking in curricular research. To this end the factor 
analytic part of this study has significance. 

Other Variables. Certain other effects were incidentally 
examined in the analyses performed in the data for this study. Spe- 
cifically, it was shown that learning improved across ordinal positions 
in the study. This is in agreement with the findings of Byers (1961), 
Klausmeier ^ al. (1964), Tagatz (1963), and Meinke (1966). It is 
interestii 4 to note that the largest improvement occurred between 
Problem iZ and Problem III. This concurs precisely with the findings 
of Mein! 5 e (1966) , An additional signifiv-’aat effect in the present 
study was the difference between problems. Two problems had been 
used and each one presented through an exemplar and a nonexempXar 
mode. This finding is incidental to the major purposes of the study. 
However, it might be explained through the results of the study by 
Archer (1963), He found that there was an interaction between the 
obviousness and relevance of stimulus materials, such that Ss* per- 
formance was facilitated on tasks in which the obviousness of the 
relevant information is maximized and the obviousness of the irrele- 
vant information is minimized. In the present study, the dimensions 
relevant to the two problems may have been more or less obvious to 
the Ss. The exact nature of this finding remains to be clarified in 



future research. 
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The factor analytic section of the investigation was concerned with 
the remaining two questions under consideration in the study: 

3. What are the common factors that account for the relation- 
ships among the concept attainment tasks and curricular achievement 
tests? 

4. What are the relationships aroong laboratory variables and the 
curricular areas as determined by the oblique relationships of the 
common (tasU and curricular) factors? 

Alpha Factor Analyses, An intriguing result of the investigation 
was seen in the structure of the Alpha Factors, The Alpha Factor 
Analyses of the ma trices , arranged by (a) type of informational 
presentation and (b) response option, both included the same 16 
achievement tests. It was espected that they would produce the 
same curricular factots. Paradoxically , the matrix; which included 
the achievement tests, the concept attainment tests, and the infor- 
mation processing tests arranged by type of informational presentation 
produced a General Achievement Factor with language arts tests showing 
the highest loadings and mathematics the lowest. When the six Infor- 
mation Processing Tests, arranged by response options, were added to 
the 16 achievement tests, and this 22 x 22 matrix factored, a simple 
Language Arts Factor was identified plus a second factor with mathe^ 
matics materials and information processing showing^ high loadings. 

The change in factor structure was attributed to the similarities 
in the convergent reasoning common to the mathematics achievement 
and the Information Processing Tests arranged by response option. 









Y^wirt 










Inductive reasoninr; v/r-s gquiied ’ 03 ^ two types of t?sts — mathematics 

and informatioa process Infj arranged by response option# It resulted i*' 
the covariation amonyr tests necessary- to create the new Information 
Process iiitj — Mathematics Factor. This explanation of the changing 
factor structure was supported by the high relationships between 
Information Processing Response Option— ”Yes” Factor and two Mathe- 
matics Factors extracted in the Incomplete Image solution, Lenike 
(1365) has previously shown a high ciegree of relationship between 
cciacept attainment and an Inductive ivcasoning Factor, 

The two Alpha Factor Analyses also identified several factors with 
largest loadings on Information Processing and Concept Attainment Tests, 
Specifically, in information processing the fcllowins factors were 
identified: (a) a **No-Can*t Tell” Factor, (b> an Information 

Processing— Arithmetic Factor, (c) an Information Processing of 
Presented Information Factor, and (d) two Concept Attainment Factors, 

An examination of Alpha Factor intercorrelations indicated that 
the single achievement factor— chc General Achievement Factor from 
the 24 X 24 matrix: the Language Arts Factor from the 22 x 22 matrix- 
correlated .60, .65, and ,73 with (a) an Information Processing of 
Presented Information Factor, (b) a Concept Attainment (II) Factor, 
and (c) an Information Processing of Response Options — Arithmetic 
Factor, respectively. Two remaining factors, Concept Attainment (I) 
and Information Processing of ’*No-Can*t Tell” Responses, correlated 
,18 and .01 with the achievement factors in the two analyses, respec- 
tively, From this examination of factors resulting from the Alpha 
solution, it was concluded that there is a significant positive 
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relationship between (a> curricular areas and <b) conceptual and infor- 
mation processing behavior involving exemplar Information. 

Relatively Independent of these relationships are the Information 
Processing of "jjo- can^t Tell” fie^^poIlS0. Factor and the Concept Attainment 
(I) Factor. This suggests that perhaps there are two distinct behavioral 

typologies, namely, (a) Ss who are most efficient when they focus attehtlott 
on what the concept is and <b) Ss who are most efficient when they de- 
lineate the concept by analytically determining how a nonexempXar differs 
from an exemplar . Loadings on the bi-polar factor— Information Processing j 

Nd-Csn^t Tell’ —suggests the correctness of the interpretation as do the 
loadings on the Information Processing of Response Optlons-Arlthmetlc 

Factor. A person of the first typology has a tendency to specify all 
cards which are not exemplars as being nonexemplars. He would get dis- 
pro* ^rtionately high scores on items with ”No” answers and low scores 
on items with ”Can»t Tell” answers, hence the bi-polarity. A posterlcrt 
examination of the raw scores from the Information Processing Test and 
the matrix of intercorrelations for the Infojrmation Processing Subtests 
supports this conclusion. 

On the other hand, people who use the analytic approach would have 
a tendency to do equally well on all three information processing items 
according to response options. This analytic typology would result in 
wni-dtmensional loadings on tests of information processing according to 
to response options. The Information Processing of Response Options- 
Arlthmetlc Factor reveals precisely this arrangement of factor loadings. 
Additionally, certain arithmetic tests have high loadings on this factory 
thereby further delineating Its nature. 










While this factor appears relatively independent of traditional 
concept attainment tasks and curricular areas other than arithmetic, the 
results do tie in nicely with the explanation of the contradictory find** 
ings regarding exemplars and nonexemplars in tho information processing 
analysis and the concept attainment analysis, namely: many Ss when left 
on their own as they are in concept attainment do not see the definite 
ndtufe of exeii5>lax^noii©x@mplar stimulus presentation* ^^is is because 
they are examining the commonalities among exemplars instead of analyti- 
cally examining intercard differences. 

Out of this milieu a question becomes apparent and remains unanswered 
Can students* learning of concepts in any curricular area other than and 
including arithmetic be facilitated by training in the acquisition of 
inforznation from simultaneous exec^jlar-nonexemplar stimulus presentation? 

Th? answer to still another question might prove to be enlightening: 
Is it possible to structure curricular areas in such a way as to require 
processing of nonexemplar information? Such restructuring would allow 
the validation of the two hypothesized behavioral t3rpologies. This 
validation would provide impetus for the determination of new teaching 
methods to provide adequately for the education of such ds. 

Incomplete Image Analysis. The Incomplete Image Analysis, under- 
talsea to break down the achievement factors isolated in tho Alpha solution, 
identified the following curricular factors (see Tables 22 an:? 24): 

(a) ^themattcs (Factor VI, Table 22; Factor IX, Table 24), (b) Spelling 
(Factor II, Table 22j Factor XI, Table 24), (c) Reading (Factor III, 

Table 22; Factor IV, Table 24), (d) Science (Factor V, Table 22; Factor VI, 
Table 24), (e) ^thematics (Factor I, Table 22), No Social Studies 
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78 

F&ctor vt&s Identified* ‘Xhis Ic beoetise of tha laipge InvolvoBtent of other 
curricular areas In social stLidies activities, i.a*, there was a lack of 
variance specific to social studies material* Additionally, the two 
ai^yses resulted in a change In the I^athematlcs Factor structure oetween 
the two matrices, as occurred in the Achievement Factor in the previous 
Alpha Factor Analyses* It r^si^ted in to© establishment of the Mathe- 
matics I Factor (Table 23) vhieh was not common to both analyses* Table 
22 Indicated that the correlation between these factors x^«is *90* Thus 
an extremely high relatlcmship exists between the' > 

The Incomplete Image Analyses also produced the following six non- 
curricular factors: (a) Nonexemplar l2iformatlon Processing, (b) S^mplar 
Information Processing, (c) Concept Attainment of Bxemplar Information, 
(d) Response Option— Can* t Tell, (b) Response Option— Yes, and (f) 
Response Cation— No* 

From the interrelationships of the factors resulting from the 
Incomplete Image Analysis it is concluded that the Exemplar Information 
Process— "Yes" Response Option Factor correlates highly with all 
curricular factors* Lesser relationship existed among the Curricular 
Factujs and (a) the Konexemplar InfornatiOiT, Processing Factor, (b) the 
Response Option— "No" Factor and (c) the Response Option— "Can* t Tell" 
Factor* It is concluded that there is a high relationship between 
exemplar concept learning tasks and curricular ai'oas but only moderate 
relationships between concept learning involving nonexemplars and 
curricular areas— and even then only certain subjects, namely science 
and spelling* 

The purpose of the factor-analytic approach was to determine the 



4V 

relationships among information orocessinp tasks *4. 4 

u«6.Bing Taaus, concept attainment tasks, 

c«r,io„lar areas, «.elr results it is concluded that infors^ticn 

pwcessing Of exemplar informaticn is moderately related to curricular 

.a ^ ^ 4* 

.er«er concluded that there is a relatively high relation- 
Ship between information processing of response options and certrln 
arithmetic tests. Other specific information processing factors aw 
moderately related to curricular achievement, namely, science and 
tpaUlng. ihe relationship between more traditional concept attainment 
lectors and curricular factors resulted in the conclusion that there is 
a high relationship between exemplar concept learning and the curricular 
lectors generally. Thus, the lindings from the factor analyses lead to 
the conclusion that success in concept attainment tasks is related to 
success in curricular areas, tore liberal generalisations of research 

results from tightly controlled experimental settings to conventional 
learning situations seem justified. 
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APPENDIX I 



Directions for Information Processin,^ Problems 



*niis experiment is concerned v;ith how people learn. You are going 
to have an opportunity to work several exercises r 

The exercises will be performed using pictures of various cards from 
the board located in front of you. The board contains 64 cards. 

Every card on the board is different from every other card. However 
all cards have six basic properties or parts; these are; 

1. Border number 

2. Border type 

3. Figure number 

4. Figure size 

5. Figure color 

6. Figure shape 

1. Note that all cards have either one or two borders. 



(The figural cards have been either omitted or semantically presented 
la this Appendix.) 



2. Also noto that the borders are either solid or broken, 



o 
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3, On the lower left of each card is located a figure. Each card 

will have one or two of these figures, (Figural materials are semantically 
presented, ) 



BGruef Number; 


One 


Border Typo: 


Broken 


Figure Number; 


One 


Figure Size: 


Large 


Figure Color; 


Green 


Figure Shape; 


Circular 



Border Number: 


rtno 


Border Type: 


Broken 


Figure Number; 


TSvo 


Figure Size; 


Large 


Figure Color; 


Green 


Figure Shape; 


Circular 



Note that on the previous example a circle was used to illustrate one 
or two figui s, 

4, Another property, figure shape, involves circular or ell iptical 
figures. 



Border 
Boeder 
Figure 
r igure 
Figure 
Figure 



Number; 

Type: 

Number: 

Size; 

Color; 

Shape; 



One 

Broken 

Two 

Large 

Green 

Circular 



Border 


Number; 


One 


Border 


Type; 


Broken 


Figure 


Number; 


Two 


Figure 


Size: 


Large 


Figure 


Color: 


Grssn 


Figure 


Shape: 


Elliptical 
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I 

I 
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I 

I 

I 

I 

I 
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5. Net© that these circular or elliptical figures can be small or 



large. 



Border 


Number: 


One 


Border 


Type: 


Broken 


Figure 


Number: 


T^vo 


Figure 


Size: 


Small 


Figure 


Color: 


Green 


Figure 


Shape: 


Circular 



Border 


Number: 


One 


Border 


Type: 


Broken 


Figure 


Number: 


lV;o 


Figure 


Size: 


Large 


Figure 


Color: 


Green 


Figure 


Shape: 


Circular 



6. The figures, in addition to being one or two, large or small, 
circular or elliptical can be red or green. 



Border 

Border 

Figure 

Figure 

Figure 

Figure 



Number: 

Type; 

Number: 

Size; 

Color: 

Shape: 



One 

Broken 

Tp'o 

Large 

Red 

ISlliptical 



Border 

Border 

Figure 

Figure 

Figure 

Figure 



Number: 

Type: 

Number: 

Si^e: 

Color: 

Shape: 



One 

Broken 

Two 

Large 

Green 

Elliptical 



These are the six properties making up each card. The first two 
properties deal with the border. That is, all cards have one or two, 
borders which are solid or broken . The last four properties deal with 
the figures* They may be red or green , small or large « circular or 
elliptical, and there may be one or two. 

Every card on the board is different from every other card in at 
least one of the ways just described. As an example, consider those two 
cards. The first card may be described as one solid border with one large 
red elliptical figure. 



ri 

f'l 



I 



p \ 

L4 



zi/ <A 



•r— rr-r 



'' 












Border Number: 


One 


Border Type: 


Solid 


Figure Number: 


One 


Figure Size 


Large 


Figure Color: 


Red 


Figure Shape; 


Elliptical 



The second card is described as two solid borders with one large 



green elliptical figure* The two cards are different in the two properties ^ 



Border Number: 
Border Type: 
Plfrure Number: 
Figure Size: 
Figure Color: 
Figure Shape: 



Ttvo 

Solid 

Oti^ 

Green 

Elliptical 



number fif^ure color. They are the same isi the other ways. 
Consider the following card* 



Border 


Number: 


Two 


Border 


Type: 


Broken 


Figure 


Number: 


Two 


Figure 


Size: 


Small 


Figure 


Color: 


Red 


Figure 


Shape: 


Elliptical 



Describe the card in terms of the six properties just described. 



You should have described this card as having two broken borders with two 
small red elliptical figures. 

There are a number of ways certain cards may be grouped so that the 
group has one or more of the same properltes. As an example» consider the ~ 
following three cards. 



Border Number: 
Border Type: 
Figure Number: 
Figure Size: 
Figure Color: 
Figure Shape: 



One 

Solid 

'Evfo 

Large 

Red 

Elliptical 



Border Number: 
Border Type: 
Figure Number: 
Figure Size: 
Figure Color: 
Figure Shape: 



Two 


Border 


Solid 


Border 


Two 


Figure 


Small 


Figure 


Red 


Figure 


Circular 


Figure 



Number: 


One 


Type: 


Broken 


Number: 


Two 


Size: 


Small 


Color: 


Red 


Shape: 


Elllp. 



These three cards can be grouped together on the basis that all three have 
two rad figures. They are different in border number} border type} figure 



shape} and figure size 
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Similarly the following figures 



Border 

Border 

Figure 

Figure 

Figure 

Figure 



Ihimber: 

Type: 

Number: 

Size: 

Color; 

Shane: 



Two 

Solid 

Two 

Small 

Green 



Border Number: 
Border Type: 
Figure Nui-iber: 
Figure Size: 
Figure color: 



Two 

Broken 

Two 

Small 

Red 

Ellip. 



Border 

Border 

Figure 

Figure 

Figure 

Figure 



Number: 

Type: 

Number: 

Size: 

Color: 

Shape: 



Elliptical Figure Shape: 

can be grouped together on the basis that all three have two borders v/ith 
two elliptical figures. 

You determine the rule for grouping the following cards. 



Two 

Solid 

Two 

Largo 

Red 

Ellip. 



Border 

Border 

Figure 

Figure 

Figure 

Figure 



Number: 

Type: 

Number: 

Size: 

Color: 

Shape: 



One 


Border Niuaber; 


Two 


Border Number: 


Two 


Solid 


Border Type: 


Broken 


Border Type: 


Solid 


One 


Figure Number: 


One 


Figure Nimiber: 


Two 


Small 


Figure Size: 


Small 


Figure Size: 


Small 


Red 


Figure Color: 


Red 


Figure Color: 


Red 


Elliptical 


Figure Shape: 


Ellip. 


Figure Shape: 


Circ. 



You should have decided that the rule for grouping these cards was "small 
red figures." The term "figure(s)" means that there may be either one or 
two figures o 

We shall now define what we mean by a rule for this task. A rule is 
simply one or a combination of more than one of the six properties with 
which we describe each card. Thus, the rule for the preceding three cards 
was "small red figure(s)”. 

Which of the following cards illustrate the rule, "one border with 
red elliptical figure(s)F? Note again that "figure(s)" can mean one or 
two figures. 



Border 

Border 

Figure 

Figure 

Figure 

Figure 



Number: 

Type: 

Number: 

Size: 

Color: 

Shape: 



One 


Border Number: 


One 


Border Kuiabar: 


Two 


Solid 


Border Type: 


Broken 


Border Typo: 


Solid 


One 


Figure Humber: 


Two 


Figure Number; 


Tv/o 


Large 


Figure Size: 


Small 


Figure Size: 


Large 


Red 


Figure Color: 


Red 


Figure Color: 


Red 


Ellip. 


Figure Shape: 


Ellip. 


Figure Shape: 


Ellip. 



You should have identified the first two cards as belonging to the group, 
"one border with red elliptical figure(s)," and the last card as not 
belonging to the group. Cards which illustrate a particular rule are called 









mem 









rnttUim 









•Mite 









yes cards, and cards which do not illustrate that particular rule are 



called no cards , A "yes'* card belongs to a particular group, a "no" 
card does not belong to that particular group. In terms of the rule "one 
border with red elliptical figures," the first two cards above are "yes'* 
cards and the last is a "no" card. 

In this first task you will be shown a slide with three cards as is 
now on the screen. The focus card is an exaraple of a rule. Note that 
the card in the upper right hand corner is a "yes" card, which tells you 
that it also is an example of the same rule. On the other hand, a "no" 
card is not an example of the rule. In this task you will make a decision 
about the membership of the lower card, marked with a question mark. You 
will make this decision on the basis of the information presented in the 
two upper cards. Take a moment and decide if the "?" card on the screen: 
(a.) belongs with the focus card, 

(b) does not belong with the focus card, 

(c) can't tell if it belongs with the focus card. 

You should have checked option "c" because you have no information about 
figure size. The rule might have been one broken border with large 
figures, or simply one broken border. 

Before leaving this example, pay particular attention to the 
difference between small and large figures so that you can distin guish 
betwee n them. 

Consider another xample: 

Border Number: iV/o 

Border Type: Solid 

Figure Number: One 

Figure Size: Large 

Figure Color: Red 

Figure Shape: jSllip, 

Focus Card 



Border Number: 
Border Type: 
Figure Number: 
Figure Size: 
Figure Color: 
Figure Shape: 



Two 


Border 


Solid 


Border 


Tvto 


Figure 


Small 


Figure 


Green 


Figure 


Bllip, 


Figure 



Number : 


IV/o 


Type: 


Solid 


Number: 


One 


Size: 


Small 


Color: 


Red 


Shape: 


Ellip 
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The focus card Is defined as two solid borders with one large red 



figure* The yes card tells you “that sizei color and number 
of figures are not part of the rule* From this information you should be 
able to determine that the third card (?) must illustrate the rule because 
size doesn’t matter. The question card (?) is a "yes” card. 



Consider another example 



Border Number: Two 

Border Type: Broken 

Figure Number: One 

Figure Size: Large 

Figure Color: Red 

Figure Shape: Elllp, 



Border Number: 
Border Type: 
Figure Number: 
Figure Size: 
Figure Color: 
Figure Shape: 



IV/o 


Border 


Broken 


Border 


Two 


Figure 


Large 


Figure 


Red 


Figure 


Ellip. 


Figure 



Number: 


Two 


Type: 


Broken 


Number: 


Two 


Size: 


Large 


Color: 


Red 


Shape: 


Circ. 



Focus Card 



No 



? 



In this example the second card differ?., from the focus card only in 



number of figures. The rule for grouping the yes cards must Include "one 
figure." The (?) card has two figures. Therefore, it can’t belong to the 



group specified by the rule. The question card (?) is a "no" card. 
Consider another example 



Border Number: Two 

Border lype: Broken 

Figure Number: One 

Figure Size: Large 

Figure Color: Red 

Figure Shape: Ellip. 

Focus Card 

In this example the 



Border Number: Two 

Border Type: Broken 

Figure Number: Two 

Figure Size: Large 

Figure Color: Green 

Figure Shape: Elllp. 

No 

focus card" and "no" card 



Border Number: l\vo 

Border Type: Broken 

Figure Number: Tno 

Figure Size: Large 

Figure Color: Red 

Figure Shape: Ellip. 

? 

do not give you enough 



information to decide if the third card (?) belongs to the rule because 



you cannot tell whether numbt)r of figures, or figure color is part of the 
zule. The question (?) card in this example is a "can’t tell" card. The 



answer sheet for the first task is on the following page. If the question 
card is a "yes" card, blacken the first blank. If the question card is a 
"no" card, blacken the second blank. If enough information isn’t 
















ftHik 



^iism 
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presented to determine the membership of the question card, blacken the 
third blank. 

In this first series there are 30 slides. Now turn to the next page 
which is your answer sheet, and tn^rk thA nnnT«nnY>*i£i*fA Monir oo 

r — MT tr^ ««w V*MW&« 

is presented. (In this report the IBM 1230 Answer Sheets have been 
omitted.) 



Task 2 is similar to the one Just completed, except that you wi3.i be 
given four cards arranged in the following manner. 



Border 

Border 

Figure 

Figure 

Figure 

Figure 



Number: 

lype: 

Number: 

Size: 

Color: 

Shape: 



Focus Card 



Border 

Border 

Figure 

Figure 

Figure 

Figure 

No 



Number: 

Type: 

Number: 

Size: 

Color: 

Shape: 



Two 

Solid 

One 

Small 

Red 

Elliptical 



Two 

Solid 

One 

Large 

Red 

Elliptical 



Border 

Border 

Figure 

Figure 

Figure 

Figure 



Border 

Border 

Figure 

Figure 

Figure 

Figure 



Number; 

Type: 

Number: 

Size: 

Color: 

Shape : 

Yes 

Number: 

Type; 

Number; 

Size: 

Color: 

Shape: 



One 

Broken 

Two 

Small 

Green 

Circular 



Two 

Broken 

Two 

Small 

Green 

Elliptical 



From the focus card and the two information cards you can determine that 
the card in question (?) belongs to the rule. The difference in this task 



is the amount of information with which you will be dealing. 

Look for a moment at the screen and you will see an example of the 
typical task. The yes cards give information about the number of 
borders, type of borders, color of figures, number of figures, and size 
of figure. Your answer to the slide should be "yes.” 

The answer sheet for Task 2 is on the following page, ^..acken either 
a. b, or c as before. Do you have any questions about this task? (In this 
report the IBM 1230 Answer Sheets have been omitted.) 
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APPENDIX II 



P^j’ections for To cal Concept Attainment T ask 
You are about to begin an exercise like the learning task in which 
you have previously participated. 

Before describing the task, let us review for a moment some infor- 
mation about the materials. Recall that the board contains 64 cards. 
Each card has either one or two borders. 

Tile borders are solid or broken. 

The cards also have one or two figures. 



The figures are red or green . 



Note also that the figures are small or large 

and that the figures may be circular or elliptical in shape. 

As an example consider the following card, 

(The figural cards have been either omitted or semantically presented 
in this Appendix.) 

The card can be described as two broken borders with two large green 



elliptical figures. 


The six 


characteristics of the card are 


as follows; 


Border Number; 


Two 


Figure Size; 


Large 


Border Type: 


Broken 


Figure Color: 


Green 


Figure Number; 


Tv/o 


Figure Shape; 


Elliptical 
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Recall further that there are a number of ways certain cards may be 
grouped so that ail cards belonging to the group share one or more of the 
same characteristics. As an example, consider the following three cards. 



Border 

Border 

Figure 

Figure 

Figure 

Figure 



Number: 

Type: 

Number: 

Size: 

Color: 

Shape: 



One 


Border Number: 


Two 


Border Number: 


One 


Solid 


Border Type: 


Solid 


Border Type: 


Broken 


Two 


Figure Number: 


Two 


Figure Number: 


TWO 


Large 


Figure Size: 


Small 


Figure Size: 


::mall 


Red 


Figure Color: 


Red 


Figure Color: 


Red 


Elliptical 


Figure Shape: 


Circular 


Figure Shape: 


Ellip, 



Focus Card 



Yes 



Yes 



These three cards can be grouped together cn the basis that all three 
have two red figures. They are different in border number, border type, 
figure shape and figure size. 

Similarly the follov/ing figures 



Border Number: 


Two 


Border Number: 


T^vo 


Border Number: 


Two 


Border Type: 


Solid 


Border Type: 


Broken 


Border Type; 


Solid 


Figure Number: 


Two 


Figure Number: 


Two 


Figure Number: 


Two 


Figure Size: 


Small 


Figure Size: 


Small 


Figure Size: 


Large 


FigureColor: 


Green 


Figure Color: 


Red 


Figure Color: 


Red 


Figure Shape: 


Elliptical 


Figure Shape; 


Ellip. 


Figure Shape; 


Ellip, 


can be grouped 


together on 


the basis that 


all three 


have two borders 


with 


two elliptical 


figures. 










You determine the rule 


for grouping the following cards. 




Border Number: 


One 


Border Number: 


Two 


Border Number: 


Two 


Border lype: 


Solid 


Border Type: 


Broken 


Border Type: 


Solid 


Figure Number: 


One 


Figure Number: 


One 


Figure Number: 


Two 


Figure Size: 


Small 


Figure Size: 


Small 


Figure Size: 


Small 


Figure Color: 


Red 


Figure Color: 


Red 


Figure Color: 


Red 


Figure Shape: 


Elliptical 


Figure Shape: 


Ellip. 


Figure Shape: 


Circu, 


Focus Card 




Yes 




Yes 





You should have decided that the rule for grouping these cards was "small 
red figures,” 
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When you are given a "focus card" and several "no" cards» it is also 
possible for you to determine the rule. Consider the following example: 



Border TVpe: 
Figure Number: 
Figure Size: 
Figure Color: 
Figure Shape: 

Focus Card 



One 


Border Number: 


One 


Border Number: 


One 


Broken 


Border Type: 


Broken 


Border Type: 


Broken 


7/0- 


Figure Number: 


TWo 


Figure Number: 


One 


Large 


Figure Size: 


Large 


Figure Size: 


Large 


Green 


Figure Color: 


Green 


Figure Color: 


Green 


Circular 


Figure Shape: 


Ellip. 


Figure Shape: 


Circu. 



No 



No 



Each "no” card differs from the "focus card” in only one way. The fact 

that the middle card has elliptical figures should tell you that the rule 

must include "circular figures.” The "no” card on the right contains 

only one figure. This tells you that the rule must include "two figures.' 

From the presentation of the three cards » you would be correct in 

concluding that the rule was "two circular figures." 

You determine the rule for the following three cards. 

Border Number; 

Border Type: 

Figur*5 Number: 

Figure Size: 

Figure Color; 

Figure Shape: 

Focus Card 

In this experiment your job is to determine a rule that I have in 



One 


Border Number: 


One 


Border Number; 


One 


Solid 


Border T^ps; 


Solid 


Border Type: 


Solid 


One 


Figure Number: 


One 


Figure Number: 


One 


Saiall 


Figure Size: 


Small 


Figure Size: 


Large 


Red 


Figure Color: 


Red 


Figure Color; 


Red 


Elliptical 


Figure Shape: 


Circular 


Figure Shape; 


Ellip 




No 




No 






mind. That is, I might be thinking about a rule like "tv/o figures." 
Your Job is to find out what this rule is from the arrangement of "yes" 
and "no" markers that I will place on cards that do illustrate and do 
not illustrate the particular rule I have in mind. By examining which 
cards do and do not belong, you can find out what the rule is. When you 
think you know the rule, I want you to tell me. Thert is a spvecial form 
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for this purpose. Suppose the rule was "two broken borders with snail 
clrcle(s)," It would be marked in the following manner; 
i 1. Border Number 



2. Border Type 

3. Figure Number 
4« Figure Size 

I 5, Figure Color 
p 6. Figure Shape 



one ( ) 
solid ( ) 
one ( ) 
large ( ) 
red ( ) 
circle (X) 



two 

broken 

tv/o 

small 

green 



(X) 
(X) 
( ) 
<X) 

( ) 



ellipse ( ) 



Whenever you think you know the rule, check the rule on the slip and give 
it to me. I will read it back to you so there is no misunderstanding. 

If your rule is correct the task is completed. If it is not correct, I 
shall say not correct * and you will continue examining the board until 
you again think you know the rule. You may present as many rules as you 
like. The job is to find out the rule as quickly and with as few attempts 
as possible. Are there any questions? 
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APPENDIX IV 

Total Matrix of Intercorrelation of Test Scores 



Variable 



Yes" 

No” 

Can’t Tell" 
Yes" 

No” 

Can’t Tell" 



!• Subtest #1 - Present 

2m Sllbiiesll /Mt 1 A M 

3* Subtest ff2 - Presentation of Exemplar 

4, Subtest //2 - Presentation of Nonexemplar 

5, Subtest ^1 - Response 

6. Subtest iil - Response 

7, Subtest #1 - Response 

8. Subtest ffZ “ Response 

9. Subtest #2 - Response 

10, Subtest ^2 - Response 

11, Exemplar Problem One 

12, Exemplar Problem Two 

13, Nonexemplar Problem One 

14, Nonexemplar Problem l\vo 

15, SRA « Arithmetic Reasoninor 

16, SRA « Arithmetic Computation 

17, Stanford - Arithmetic Computation 

18, Stanford - Arithmetic Application 

19, California -Arithmetic Reasoning 

20, STEP - Math I 

21, Stanford - Arithmetic Concepts 

22, California - Arithmetic Fundamentals 

23, STEP - Math II 

24, SRA - Arithmetic Concepts 

25, California - Reading Vocabulary 

26, SRA - Reading Vocabulary 

27, Stanford - Spelling 

28, California - Spelling 

29, SRA - Language Arts IZX <Sp) 

30, Stanford - Paragraph Meaning 

31, California - Reading Comprehension 

32, SRA - Reading Compre'.l-snsion 

33, SRA - Language Arts (grammar) l 

34, California - Mechanics of English 

35, Stanford - Language 

36, SRA - Language Arts (grammar) n 

37, Stanford - Social Studies 

38, SRA - References 

39, SRA - Charts 

40, STEP - Social Studies I 

41, STEP - Social Studies II 

42, Stanford ~ Science 

43, STEP - Science 1 

44, STEP - Science II 

45, Hypothesis/OPj^ 

46, Hypotbesis/0P2 

47, Hypotbesis/OPg 

48, Hypothesls/0P4 

49, Tlme/OP]^ 

60, Time/OP2 
51, Tlme/0P3 
53, Tlme/0P4 



1 


2 


3 


4 


5 


5 


7 


1,00 , 




.59 


.51 


.82 


.16 


.59 




aX 




Jt c. 


rk m 




A ^ 




uv# 








• fo 


9*t\J 




1 


,00 


,31 


.43 


.09 


.44 


> 




X 


.00 


.49 


.38 


,x4 








1 


,00 


.21 


.24 



1,00-, 12 
1,00 



(Table continued on next page) 
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Table IV continued 



8 


9 


10 


11 12 13 14 


15 


16 


17 


18 


19 


20 


21 


22 


1. .44 


,27 


,52 


-.24 -.09 »,03 -.13 


.36 


• 34 


.25 


44 


,46 


.37 


• 42 


• 25 


Q 1 £2 

mt% • *v 


oa 


OA 
0 ww 


_ €iA /\A _ t a n e 

• X/V — -^0 


«*e 


«^o 


*X9 




, is 5 




• «x 




3 . .83 


.14 


.46 


-.15 -.17 -.09 -.00 


.34 


• 29 


,27 


,43 


,45 


.26 


. ,35 


.30 


4# f 23 


.82 


,30 


-.25 -.11 -.15 -.15 


.43 


.42 


.34 


• 53 


.50 


,37 


.47 


• 31 


5. .43 


.41 


.32 


-.30 -.09 -.13 -.09 


.46 


• 43 


.34 


.51 


• 50 


• 35 


,49 


«30 


6. .01 


.40 


.01 


-.19 .01 -.19 -.10 


.14 


*15 


• 08 


.17 


• 13 


• 18 


.08 


.17 


7. .27 


-.10 


63 


-.11 -.03 ,09 -.06 


.19 


• 23 


.17 


.20 


• 29 


,31 


.22 


• 21 


8,1.00 


.24 


,15 


-.11 -.22 -.06 .04 


.34 


.27 


• 23 


,41 


.46 


• 19 


,35 


• 26 


9. 


1.00 


-.10 


-.21 -.04 -.10 -.10 


• 28 


.34 


• 26 


,37 


•40 


• 19 


.37 


• 26 


10. 




1.00 


-.17 -.08 -.08 ,01 


.33 


• 29 


• 31 


• 34 


,31 


• 38 


,29 


.24 


11, 






1.00 .09 . 24 . 28 


-.40 


-.39 


-.33 


-.40 


-.48 


-.31 


-.43 


-.49 


12, 






1.00 -.04 ,14 


-.25 


-.07 


-.13 


-.20 


-.18 


-.21 


-.18 


-•02 


13. 






1.00 =.04 


-.29 


-.16 


-.11 


-.20 


-.21 


-.20 


-,24 


-,21 


14. 






1.00 


-.17 


-.16 


-.12 


-.11 


-.15 


-.09 


-.14 


-.10 


15. 








1,00 


.71 


.56 


• 69 


.77 


.85 


.73 


.64 


16, 










1.00 


,75 


.70 


.75 


.68 


.74 


.77 


17, 












1.00 


.52 


.63 


.69 


.70 


• 67 


18, 














1.00 


,78 


,67 


• 83 


,62 


19, 
















1.00 


.64 


.80 


•74 


20. 


















1.00 


• 68 


.61 


21. 




















1,00 


.66 


22. 






















1.00 



23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

32. 

33. 

34. 

35. 

36. 

37. 

38. 

39. 

40. 

41. 

42. 

43. 

44. 

45. 

46. 

47. 

48. 

49. 

50. 

51. 

52. 



(Table continued on next page) 
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Table XV continued 



23 



1 . 

2 . 

9* 

4. 

5. 

6 . 

7, 

8. 

9. 

10 , 

11 . 

12 , 

13. 

14. 

15. 

16. 

17, 

18. 

19 , 

20 . 
21 , 
22 . 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

32. 
S3, 

34. 

35. 

36. 

37. 

38. 

39. 

40. 

41. 

42. 

43. 

44. 

45. 

46. 

47. 

48. 

49. 

50. 

51. 
S2c 



24 


25 


26 


27 


28 


29 


30 


31 


32 


33 


34 


35 


36 


37 


.46 


.41 


• 35 


• 28 


• 29 


.27 


.41 


•42 


.40 


• 20 


• 36 


,35 


• 32 


•46 


. 24 


• 20 


• 21 


• 16 


• •15 


• 16 


.20 


.29 


-24 


1 C 


no 






9/1 


.41 


• 33 


• 24 


• 20 


• 19 


• 20 


• 38 


•43 


•30 


• 24 


.35 


•33 


• 28 


•37 


•44 


,40 


•43 


• 31 


• 35 


•35 


•42 


.51 


•43 


• 30 


• 39 


•42 


.37 


•54 


• 48 


• 51 


•43 


• 37 


•36 


•33 


.47 


*47 


.dd 


QQ 


A9 




Off 




.10 


• 12 


.15 


• 10 


.07 


•09 


•09 


.15 


• 16 


• 09 


• -»w 

• 09 


• 'Xtf 

• 14 


•'‘* • 
.15 


• w w 

• 16 


.25 

.39 

.32 


• 15 

• 33 
.34 


• 16 
• 22 
• 32 


• 13 

• 16 
• 19 


.17 
• 19 
•32 


• 14 

• 20 
• 26 


• 21 
•35 
•33 


• 24 
.39 
•38 


• 22 
• 28 
•30 


.10 

• 24 

• 28 


• 23 

• 33 

• 32 


• 23 
•30 

• 30 


,16 

.25 

.31 


.27 

•32 

•40 


.29 


• 26 


• 29 


•30 


• 20 


.24 


•32 


•35 


•33 


• 19 


• 23 


•34 


,22 


•38 


•.41 


“•53 


-.31 


-.32 


-.39 


-.33 


-.38 


-♦44 


-.30 


-.28 


-.44 


-.37 


oe , 


-.38 


“.15 


-.18 


-.14 


-•09 


-.02 -.08 ■ 


-.20 


-.19 


-.16 


-.13 


-.20 


-.13 ■ 


.,17 -.15 


-.27 


—.30 


-.25 


-•14 


— «14 —.13 —.22 


-.26 


“a 13 


-•13 


-.17 


=.19 < 


=>,17 -alS 


“. 20 


-.23 


-.18 


-•08 


-.06 -.12 -.12 


-.17 


-.17 


-.05 


-.15 ■ 


-.14 ■ 


-.19 -.16 


.77 


• 68 


.71 


• 56 


• 54 


•62 


.70 


• 78 


.71 


• 58 


.68 


•69 


.67 


•67 


.74 


• 64 


.76 


•68 


.64 


•69 


.73 


.75 


.73 


.70 


• 75 


•80 


.67 


•73 


.58 


• 53 


.67 


- .70 


• 60 


•64 


• 68 


• 65 


• 64 


• 65 


,66 


«76 




•61 


• 71 

• 81 


• 63 
.73 


.70 

.67 


• 60 
• 58 


•59 

•59 


.61 

.59 


.74 

.72 


c78 
• 82 


• 69 

• 69 


•S3 
• 55 


• mm 

.70 


•to 

• • « 

.71 


an 

,6g 


a 83 

.73 


• 63 


• 5t> 


.65 


• 64 


•56 


• 63 


.67 


.65 


• 68 


.57 


• 62 


•71 


.61 


•68 


#75 


• 69 


.75 


• 65 


•63 


• 64 


.79 


• 82 


• 69 


• 54 


.75 


• 79 


.61 


• 81 


• 67 


.57 


.61 


• 61 


•63 


• 63 


• 62 


• 71 


• 60 


• 62 


.71 


.70 


,62 


•61 


• 65 


• 54 


• 65 


• 61 


• 53 


•53 


• 65 


• 68 


• 69 


.56 


• 61 


.71 


.53 


• 66 


1,00 


.74 


.74 


• 61 


•59 


•63 


• 74 


.81 


.72 


• 59 


.70 


.73 


,67. 


.72 




1.00 


.72 


•62 


• 66 


•65 


.78 


.77 


• 69 


• 53 


.72 


.70 


.59 


•68 






l.OO 


•69 


• 69 


.75 


• 85 


• 80 


.87 


• 66 


.73 


.82 


.68 


.76 








1.00 


.79 


• 83 


.75 


• 69 


.67 


• 66 


.75 


•84 


.60 


• 68 










L.OO 


• 82 


♦ 73 


.71 


• 63 


• 62 


.79 


.78 


.58 


•68 










1 


• 00 


.76 


.72 


• 72 


.70 


.75 


•83 


.71 


.71 












1 


• 00 


• 83 


.84 


• 62 


•80 


.87 


.69 


• 81 














l.OO 


• • t 


• 61 


,83 


• 83 


.65 


• 81 
















] 


L.OO 


• 63 


.72 


.78 


.74 


.79 




















L.OO 


•69 


.76 


.80 


• 56 




















1,C0 


• 86 


• 66 


.72 






















1 


•00 


.73 


• 79 
























1 


• 00 


• 64 


























1 


•00 



(Table continued on next page) 
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100 
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38 39 40 41 
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I 
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I 

I 

I 



I 

s 

I 



1 . 


.41 


2 . 


,28 


3 . 


•36 


4 ^ 


•40 


5 . 


.47 


6 ^ 


• 20 


?• 


• 23 


8 . 


•35 


9 ^ 


• 29 


10 ^ 


• 32 


!!• 


-.41 


12 , 


-.19 


13 . 


-.18 


14 ^ 


-.10 


15 . 


•73 


16 . 


•69 


17 . 


•65 


18 , 


•65 


19 . 


• 69 


20 . 


.71 


21 . 


.73 


22 , 


• 65 


23 . 


• 63 


24 . 


.71 


25 . 


.74 


26 . 


• 80 


27 . 


.71 


28 . 


.72 


29 . 


• 81 


30 . 


.80 


31 , 


•81 


32 , 


,76 


33 . 


• 89 


34 . 


.77 


35 . 


• 81 


36 . 


.75 


37 , 


.74 


38 . ; 


liOO 


39 . 




40 . 




41 . 




42 . 




43 . 




44 . 




45 . 




46 . 




47 . 




48 . 




49 . 




50 . 




51 , 




52 . 





• 40 
-27 

• 35 

• 41 

• 45 

• 13 

• 27 

• 30 

• 27 

• 39 
-•42 
-•22 
“•23 
-•19 

oT3 

• 77 

• 70 
.74 
.75 
.77 

• 82 

• 67 

• 71 

• 77 

• 70 

• 79 
»6S 
•66 

• 70 
.81 
.81 
. 7 ? 
•61 

• 75 

• 81 

• 64 
.79 

• 80 
l^OO 



•42 ^44 

- 27 -IQ 

- — ■ • ^ 

•33 •28 

•45 ,40 

• 48 •48 

•18 •oe 

•23 •28 

•29 ,24 

•35 ,25 

• 33 •36 

-.30 -,35 
-.20 -•24 

-.16 -ao 

-.07 -•10 

•69 •es 
.71 ,70 

.63 • S ? 

.64 ,66 

•64 ,64 

•67 •75 

• 69 ,67 

•61 ,60 
.68 ,71 

.69 ,63 

.62 ,62 
.76 ,74 

.62 ,65 

.62 ,63 
,66 .66 
.77 ,75 

.78 ,66 

*77 ,78 

.60 ,63 
•69 ,65 
•77 •?? 

•67 ,69 

•70 ^74 

•76 •?! 

•74 ^76 

•00 ,75 

l^OO 



42 


43 


44 


45 


46 


47 


48 


49 


50 


51 


52 


.43 

AO 


.40 


• 43 


-.22 


-.09 


.06 


-.18 


-.21 


-.13 


.05 


-.15 


c MW 


fi 
• WV 


A A 

• 


-.Oo 


-.06 


-.07 


-.21 


-.16 


-.16 


-.08 


- a7 


• 33 


.37 


• 32 


-.14 


-.07 


-.00 


.01 


-.15 


-.12 


.00 


-.08 


• 54 


• 34 


• 40 


-.07 


-.10 


-.05 


-.18 


-.23 


-.15 


-.08 


-.17 


.49 


.42 


• 45 


-.33 


-.03 


-.00 


-.18 


-.35 


-.08 


-.00 


-.12 


• 16 


• 11 


• 18 


-.10 


-.05 


-,11 


-.18 


-.16 


-.10 


-.11 


-.10 


• 18 


.27 


• 23 


• 03 


-.01 


• 08 


-.05 


.01 


-.08 


• 05 


-.07 


. 30 


• 32 


,26 


-.15 


-.01 


-.08 


.05 


-.13 


-.08 


-.06 


-.03 


. 41 


.19 


• 25 


-.07 


-.08 


-.04 


-.05 


-.18 


-.11 


-.08 


-.04 


. 29 


• 36 


• 33 


-.08 


•-.04 


.07 


-.14 


-.16 


-.05 


• 06 


-.13 


-.27 


-.35 


-•28 


• 29 


.20 


.02 


• 24 


.47 


.41 


ae 


,43 


— • 15 


-.22 


-.14 


.22 


• 15 


.05 


.02 


.31 
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